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EXECUTIVE SUMMARY

The cancellation of the Yucca Mountain repository program in the United States raises the prospect
of extended long-term storage (i.e., >120 years) and deferred transportation of used fuel at
operating and decommissioned nuclear power plant sites. Under U.S. federal regulations contained
in Title 10 of the Code of Federal Regulations (CFR) 72.42, the initial license term for an Independent
Spent Fuel Storage Installation (ISFSI) must not exceed 40 years from the date of issuance. Licenses
may be renewed by the U.S. Nuclear Regulatory Commission (NRC) at the expiration of the license
term upon application by the licensee for a period not to exceed 40 years. Application for ISFSI
license renewals must include the following:

1. Time-limited aging analyses (TLAAs) that demonstrate that structures, systems, and
components (SSCs) important to safety will continue to perform their intended function
for the requested period of extended operation and

2. A description of the aging management program (AMP) for management of issues
associated with aging that could adversely affect SSCs important to safety.

In addition, the application must also include design bases information as documented in the most
recent updated final safety analysis report as required by 10 CFR 72.70. Information contained in
previous applications, statements, or reports filed with the Commission under the license may be
incorporated by reference provided that these references are clear and specific.

The NRC has recently issued the Standard Review Plan (SRP) for renewal of used-fuel dry cask
storage system (DCSS) licenses and Certificates of Compliance (CoCs), NUREG-1927, under which
NRC may renew a specific license or a CoC for a term not to exceed 40 years. Both the license and
the CoC renewal applications must contain revised technical requirements and operating conditions
(fuel storage, surveillance and maintenance, and other requirements) for the ISFSI and DCSS that
address aging effects that could affect the safe storage of the used fuel. The information contained
in the license and CoC renewal applications will require NRC review to verify that the aging effects
on the SSCs in DCSSs/ISFSIs are adequately managed for the period of extended operation. To date,
all of the ISFSIs across the United States with more than 1,500 dry casks loaded with used fuel have
initial license terms of 20 years; three ISFSIs (Surry, H.B. Robinson, and Oconee) have received their
renewed licenses for 20 years, and two other ISFSIs (Calvert Cliffs and Prairie Island) have applied for
license renewal for 40 years.

This report examines issues related to managing aging effects on the SSCs in DCSSs/ISFSIs for
extended long-term storage and transportation of used fuels, following an approach similar to that
of the Generic Aging Lessons Learned (GALL) report, NUREG-1801, for the aging management and
license renewal of nuclear power plants. The report contains five chapters and an appendix on
quality assurance for aging management programs for used-fuel dry storage systems.

e Chapter | of the report provides an overview of the ISFSI license renewal process based
on 10 CFR 72 and the guidance provided in NUREG-1927.

e Chapter Il contains definitions and terms for structures and components in DCSSs,
materials, environments, aging effects, and aging mechanisms.
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e Chapter Illl and Chapter IV contain the TLAAs and AMPs, respectively, that have been
developed for managing aging effects on the SSCs important to safety in the dry cask
storage system designs described in Chapter V.

e Chapter V contains summary descriptions and tabulations of evaluations of AMPs and
TLAAs for the SSCs that are important to safety in the DCSS designs (i.e., NUHOMS®, HI-
STORM 100, Transnuclear [TN] metal cask, NAC International S/T storage cask,
ventilated storage cask [VSC-24], and the Westinghouse MC-10 metal dry storage cask)
that have been and continue to be used by utilities across the country for the dry
storage of used fuel.

The goal of this report is to help establish the technical basis for extended long-term storage and
transportation of used fuel. Future efforts will include other DCSS designs currently operated under
10 CFR 72.214 (development of additional AMPs and TLAAs that may be deemed necessary) and
further evaluation of the adequacy of the generic AMPs and TLAAs that may need augmentation.
Industry and site-specific operating experience from the various DCSSs/ISFSIs located across the
country will be examined to (a) ascertain the potential aging effects on the SSCs in the DCSSs,
thereby enabling a compilation of existing aging management activities, and (b) assess their
adequacy for extended long-term storage and transportation of used fuel.

It should be noted that managing aging effects on dry cask storage systems for extended long-term
storage and transportation of used fuel “begins” when the used fuel assemblies are loaded into a
canister (or cask) under water in the spent fuel pool. The canister (or cask) containing the used fuel
assemblies is then drained, vacuum dried, and back-filled with helium before the lid is closed, either
by welding or bolted closure. The canister (or cask) is then placed inside a dry cask and transferred
to an outdoor concrete pad of an ISFSI, where it would stay for 20 or 40 years of the initial license
term (and up to another 40 years for a renewal license term), according to 10 CFR 72.42. More than
1,500 dry casks have begun long-term storage under the initial license terms; some of them have
been in storage for over 20 years and are already in the renewed license term for up to 20 years.

Transferring from pool-to-pad or wet-to-dry storage is an abrupt change of environment for the
used fuel assemblies, and the effects are most pronounced during vacuum drying, especially for
high-burnup fuel, because of the likelihood of cladding radial hydride formation and embrittlement
[Daum et al. 2006, 2008, and Billone et al. 2012]. The likelihood of this phenomenon will diminish
only after the cladding temperature has dropped below 200°C, because of the decrease of fission-
product decay heat during prolonged cooling, which may occur 20-25 years after the high-burnup
used fuel assemblies are placed under dry storage. Preventing and/or minimizing cladding
embrittlement by radial hydrides during drying, transfer, and early stage of storage will, therefore,
maintain the configuration of the used fuel in the dry canister (or cask) and ensure retrievability of
the used fuel and its transportability after extended long-term storage.

Managing aging effects on dry cask storage systems for “extended” long-term storage of used fuel is
no different from that required for long-term storage of used fuel. If aging effects on the SSCs
important to safety in the DCSS/ISFSI are not adequately managed for the initial license term of
storage, an application for a renewal of license for extended long-term storage is unlikely to be
granted by the regulatory authority. Therefore, the same principle and guidance developed by NRC
in the Standard Review Plan (SRP) for renewal of used fuel dry cask storage system licenses and
Certificates of Compliance (CoC), NUREG-1927, should be applicable to extended long-term storage,
as the period of operation, or term, reaches 20, 40, 60, 80, or >120 years. The term in the initial or
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renewal license is important and indicates a finite period of operation and, although not mentioned
specifically in the current regulations, does not rule out license renewal of multiple terms, as long as
aging effects are adequately managed.

Managing aging effects on dry cask storage systems for extended long-term storage and
transportation of used fuel requires knowledge and understanding of the various aging degradation
mechanisms for materials of the SSCs and their environmental exposure conditions for the intended
period of operation. The operating experience involving the AMPs, including the past corrective
actions resulting in program enhancements or additional programs, should provide objective
evidence to support a determination that the effects of aging will be adequately managed so that
the intended functions of the SSCs will be maintained during the period of extended operation.
Compared to nuclear power plants, the operating experience of the DCSSs and ISFSls is not as
extensive; however, evaluations have been performed of the NRC’'s Requests for Additional
Information (RAIs) on applications for renewal of licenses for ISFSIs and DCSSs, as well as the
applicant’s responses to the RAls, to assess their relevance to the AMPs and TLAAs described in
Chapter IV and Chapter lll of this report. Those found relevant have been incorporated into the
AMPs and TLAAs.

Managing aging effects on dry cask storage systems for extended long-term storage and
transportation of used fuel depends on AMPs to prevent, mitigate, and detect aging effects on the
SSCs early — by condition and/or performance monitoring. Detection of aging effects should occur
before there is a loss of any structure’s or component’s intended function and includes aspects such
as method or technique (i.e., visual, volumetric, surface inspection), frequency, sample size, data
collection, and timing of new/one-time inspection to ensure timely detection of aging effects. The
challenges in the detection of aging effects will always be the inaccessible areas for inspection and
monitoring and the frequency of inspection and monitoring (i.e., periodic versus continuous).

Used Fuel Disposition Campaign



Vi

Managing Aging Effects on Dry Cask Storage Systems for
Extended Long-Term Storage and Transportation of Used Fuel
June 30, 2012

Page intentionally blank

Used Fuel Disposition Campaign



Managing Aging Effects on Dry Cask Storage Systems for
Extended Long-Term Storage and Transportation of Used Fuel
June 30, 2012

Vii

CONTENTS

EXECUTIVE SUMIMAIY .ttt e e e e ee e e e eeeeseseeseseeeeeeeeeeeaeaaeaaeeeeeaaeaaaeaaaaaaaaaeees
AACTONYMNS c.titiiitiiiiieteteteeere et ettt et ettt et eeteteteteteeeteteeeeeeaeeaeeeeaeeaaeaeeseesaeeeassesssesssssesssnsssasssssnsnanassnnnns
I Taku oY [V Tot o] o HEUUU ST PUPPRRUIOE
.1 Overview of License Renewal ProCess......c.cccovvcuieiiiiiiieesciieesniieeessieeeesieee s
10 A Yol o [a T eV | LU =1 d o o PSPPI
1.3 Aging Management REVIEW......coeeeeeieieieiece e
I.3.1 Relevant Regulations for Aging Management Review ............cccccuveeen.
[.3.2  Time-Limited AgIiNg ANaAlYSiS......cceiciiiiieeie e
1.3.3  Aging Management Program .........ccccoiiiiiiiiiii e
.4  Overview of Managing Aging EffectS......ccoceviiciieiiiiiie e
1.5 RETEIENCES ...ttt e e e e et e e e e e e e s sabbaeeeeeeeeeatareaeeaeeens

Il. Definitions and Terms for Structures, Components, Materials, Environments,
Aging Effects, and Aging MeEChaniSMS ......ccceiviiiiiiiiinieeiiee ettt
.1 Structures and COMPONENTS.....c.uiiiiiciiieeiiiiee e eeeee et e e e e e sreee e seareeeesanes
| Y =Y (T o - | PSP PP OPUPP
(1.3 ENVIFONMENTS.coiiiieieieiee ettt e e s e e e e e e s e e e e e e e s s nene
R AN o1 Y= b =T ot PSP
.5  Significant Aging MechaniSmMS .........ccoueiiiiiiii e e
[.6  REFEIENCES . .viiiiiieeeee ettt e saee e sbe e sbaeenabee e
. Time-limited AZING ANAIYSES ...ccoviiiiiiiiie et
1.1 Identification of Time-Limited Aging ANalyses ......ccccceveivciieeiiiiiee s
[11.L1.1 Description of the Time-Limited Aging Analyses.........ccccceeecvveeeiiineennns
H.1.1.1  Acceptance Criteria..cccoiiiieieiiiiieeeeiiieeeeeeeeeeeeeeeeeeee e,
[11.L1.2 Dispositioning the Time-Limited Aging Analyses........cccccceeeeeveecvvennnnnn.
[11.1.3 Final Safety Analysis Report Supplement........cccccceeeiieeciiiieeeee e,
e A Y=Y =T <Y [ <L ST
[Il.2  Fatigue of Metal and Concrete Structures and Components...........cccceeeeuveenn.
[11.2.1 Description of the Time-Limited Aging AnalysiS..........ccccvvvieeeeeriicnnnen.
[11.2.2 Dispositioning the Time-Limited Aging Analysis.........ccccevvvcveeeiiieeennns
[11.2.2.1  ASME Section [l DeSigN.....ccuvvvrriiiiiiiiiiiiiiiiiiiiieiieeiiieeeeeeeenn,
I11.2.2.2  Design of Concrete Structures—ACI-215........cccceevecrveeennns
l1.2.2.3  ANSI/AISC 690 and ANSI/AISC 360 DesSign ........cceevvveveennenn
[11.2.3  Final Safety Analysis Report Supplement........cccccoeeeieiieeiccieee e
0 A 0= T =Y o ol RPN
1.3 Corrosion Analysis of Metal COmpPoNeNnts........ccceeeeciieeieiiieecccieee e
[11.3.1 Description of the Time-Limited Aging Analysis.........cccceeevcveeiiiieeennns
[11.3.2 Dispositioning the Time-Limited Aging AnalysiS.........ccccovieereericcnnnen.
[11.3.2.1  Corrosion AllOWaNCEeS........ccceeeveeeeriieeeeciieeeeciee e eeee e
[11.3.2.2  Corrosion Effects Management .........ccccecceveeviieeeencieeeeennee
[11.3.3 Final Safety Analysis Report Supplement........cccccoeeeiivieeiccieee e
[11.3.4  REFEIENCES .cuveieeieectee ettt sttt e st e e sree e s te e ereeenees

Used Fuel Disposition Campaign



Managing Aging Effects on Dry Cask Storage Systems for
Extended Long-Term Storage and Transportation of Used Fuel

viii June 30, 2012
.4 Time-Dependent Degradation of Neutron-Absorbing Materials...........c.ccccu.eee. .4-1
[11.4.1 Description of the Time-Limited Aging Analysis .......ccccceeeevciiiveeeeeeiecnnne .4-1
I11.4.1.1  Degradation of Neutron-Absorbing Materials...........cccueennnn. 1.4-2

[11.4.2 Dispositioning the Time-Limited Aging Analysis .......cccccevcvveeercreeesninnennn. 1.4-3
11.4.2.1 10 CFR 72.124(b) Requirements .......ccccceeeeevrreeercreeeesrreeeenns 11.4-4

11.4.2.2 NRCISG-23 ...ttt .4-4

11.4.2.3  NRCISG-15.. .ttt .4-4

[11.4.3 Final Safety Analysis Report Supplement ........cccocccvieeeeeiiiicciiieeee e 111.4-5

1 A Y=Y =T <Y [ <L PSP 111.4-5

.5 Time-Dependent Degradation of Radiation-Shielding Materials...........c.ccccuuu..ee.. 1.5-1
[11.5.1 Description of the Time-Limited Aging Analysis .......cccccceeeveciiiieeeeeeeccnnne 1.5-1
l1.L5.1.1  Degradation of Radiation-Shielding Materials ..........ccu.c..... 1.5-1

[11.L5.2 Dispositioning the Time-Limited Aging Analysis .......ccccceeevveeercreeesiinnennn. 1.5-2
I1.5.2.1 10 CFR 72.42(a)(1), 72.126(a), and 72.128(a) Requirements 11.5-2

[11.5.2.2 NRCISG-15...cuiiiiiiiiiieiiee ettt [.5-2

[11.5.2.3  Oconee Site-Specific ISFSI License Renewal ...........cccccvveeenne 11.5-3

[11.5.3 Final Safety Analysis Report Supplement ........cccccccvieeeeeiiieciiieeee e 111.5-5

11T A Y=Y =T o <Y [l <L 111.5-5

.6 Environmental Qualification of Electrical Equipment.........ccccceveeciieeeiiieeeecinenen. 1.6-1
[11.6.1 Description of the Time-Limited Aging Analysis .......ccccceeeeveciiiieeeeeeicnns l.6-1

[11.6.2 Dispositioning the Time-Limited Aging Analysis .......ccccceeeveeeercreeesicnnennn. 1.6-2
1.6.2.1 10 CFR 50.49 Requirements. ......ccoceveeirriniiiee 11.6-2

[11.6.2.2  NRCRG 1.89, ReV. L...iiiiiiiiiieeieee ettt .6-2

[11.6.2.3  DOR GUIdEIINES c...evtiiiiiiieieitee ettt .6-2

[11.6.2.4  NUREG-0588 .....ccocuteiiiiiieiiiiieeeniiee e siee e sieee s siee e seee e s l.6-3

[11.6.3 Final Safety Analysis Report Supplement ........ccccccviieeeeiiiiciiiieeee e 1.6-3

[11.6.4  REFEIENCES uvveeeieeeeiieeee ettt e et ee e e e e e e ebaae e e e e e e e taareeeeeeeesnaraaaeens 1.6-3

.7 Other Site-Specific Time-Limited Aging ANalySes .......ccccoeeeeciieeeeeciieeeciiee e .7-1
[11.7.1 Description of the Time-Limited Aging Analyses .......cccccceeeveciiieeeeeeeecnnnns .7-1

[11.7.2 Dispositioning the Time-Limited Aging Analyses .........ccceevveeercrveeeeicenennn. .7-1
1.7.2.1  NUREG-1927 Section 3.5.1(5)(i)..ccceervrercreeririeeireenreesveeennnnn .7-1

[1.7.2.2  NUREG-1927 Section 3.5.1(5)(ii).ccceerveeercreerieerrerinieeenireennnnenn .7-2

[11.7.3  Final Safety Analysis Report Supplement .......ccccoeeecieeiciieie e, .7-2

A Y= =T =T o ol .7-2

IV.  Description and Evaluation of Aging Management Programs ........ccccccevevveeinieveeesnneeenns IV.S1-1
IV.S1 Structures Monitoring Program .......cccceeeiiiiiiiii e IV.S1-1
IV.S1.1 Program DesCriplioN ... ccccceicittieeevev e veve e eeeeeeeeeenenees IV.S1-1
IV.S1.2 Evaluation and Technical Basis ........cccccevvvuieeiiiiieeiniieee e sieeee s IV.S1-2
IV.S1.3 REFEIENCES uvveeiiiiictiteeie ettt e ettt e e e e e e ebbre e e e e e e e taraeeeeeeeesntraaaeeas IV.S1-6

IV.S2 Monitoring of Protective Coating on Carbon Steel Structures..........ccccccvveeeunnenn. IV.S2-1
IV.S52.1 Program DesCription ......cccccciciiiiieeeeeeeeeveeeveeneeeseeeeeeeeeeeeees IV.S2-1
IV.S2.2 Evaluation and Technical Basis ........ccccceveiieeiiiiiee et IV.S2-1
[V.52.3 REFEIENCES uvveeiieeeeiiieeeee ettt e eeetre e e e e e e e sbbr e e e e e e e e tarreeeeeeeesnaraaaeens IV.S2-3
IV.M1 External Surfaces Monitoring of Mechanical Components .........cccccceeeeeeeecnvnneenn. IV.M1-1
IV.M1.1Program DeSCriplion ...ttt eeeeeeeeeee IV.M1-1
IV.M1.2 Evaluation and Technical Basis ........ccccceeeuieeiiiieeeeciiiee e IV.M1-1
IV.MIL.3REFEIENCES ..viiueieiiiiiiiii ettt ettt ettt et e site e sbe e s bt e e aae e sate e ssbeesaseesanes IV.M1-3

Used Fuel Disposition Campaign



Managing Aging Effects on Dry Cask Storage Systems for
Extended Long-Term Storage and Transportation of Used Fuel

June 30, 2012 iX

IV.M2 Ventilation Surveillance Program .........ccccccueeeeiiieeeciiieecciee et evee e e eaee e e IV.M2-1

IV.M2.1Program DescCription. ... IV.M2-1

IV.M2.2 Evaluation and Technical BasiS........cccoecuveiiriiieiiiiiieeeniiee e eeiee e IV.M2-1

IV.M2.3 REFEIENCES .. utieiietiiee ettt e st e e s sbae e e saraeessnneee s IV.M2-2

IV.M3 Welded Canister Seal and Leakage Monitoring Program..........ccccccevvvcvviveeeenennnnns IV.M3-1

IV.M3.1Program DescCriptioN......cccveviiiiiiiiie, IV.M3-1

IV.M3.2 Evaluation and Technical BasiS........cccoecuveiiriiieiiriiieecriiee e IV.M3-2

IV.IM 3.3 REIEIENCES .....ettviiieeee e ettt et ee e e e e esetbre e e e e e e e setbraaeeeeeesennbssaeeeesesenanes IV.M3-5

IV.M4 Bolted Canister Seal and Leakage Monitoring Program..........ccccceeeeeviiiiieeeeeeeennns IV.M4-1

IV.M4.1Program DescCriptioN......cocvieiiiiiiiii e, IV.M4-1

IV.M4.2 Evaluation and Technical Basis.......cccccveeeeeriiiiiieeeeee e eceiirreeee e e IV.M4-2

IV.MA.3REFEIENCES ...veeiiiie ettt ettt ettt st e s sba e s sate s sabeesbeeenees IV.M4-4

IV.M5 Canister Structural and Functional Integrity Monitoring Program ............cc......... IV.M5-1

IV.M5.1Program DesCriplioN. ... IV.M5-1

IV.M5.2 Evaluation and Technical BasiS.......ccccceervuiirriiinieeiieeinieenie e sieeesineees IV.M5-2

IV.MB5.3 REFEIENCES .. .viiiiie ettt ettt st sare s sabe e sabeeenees IV.M5-9

V. Application of Aging Management Programs........cccceeeeecieeeeciiieeeccieeeeecteeeeeveeeeeevaee e V.1-1

V.1  NUHOMS® Dry Spent-FUel StOrage ........cocueeeeieieeiiiieeeeciieeeecteee et e e e eveee e V.1-1

V.1.1  System DesCriplion ..ccceeieeeieieieieieceee s V.1-1

V.1.1.1 HSM DesCription....cccevieiiiiiiiiiiiiceccceee e, V.1-2

V.1.1.2 DSC Basket Assembly and Shell.........cccccooeeiiiiiieeiecciiieee, V.1-5

V.1.1.3 Shell Shielding PIUES ....cceviiieeciieiie ettt e V.1-7

V.1.1.4 Vent and Siphon POrts......ccueeivciieeiicieee e V.1-8

V.1.2 Design Codes and Service Life .....ccceevvuiieiiiiiei e V.1-9

V.1.3 Current Inspection and Monitoring Program........cccccccceeeecieeeeiciveeessnnnnnn V.1-9

V.14 REFEIENCES c.uviiiiiieceee ettt e st e s ae e e snteesreeenees V.1-10

V.2 HI-STORM 100 SYSEEIM ...uuuiiiiiiiiieeiiiteeesittee ettt e e seitteessiteeessabeeeeseabeeessnreeessnseeeesans V.2-1

V.2.1  System DesCriplion ..ccceeieieieieieieessee e V.2-1

V.2.1.1 MUltipurpose CaniSters......ueiiiiieccvieieeeeeeeiiiree e e e escerree e e e V.2-2

V.2.1.2 OVEIPACKS ettt V.2-8

V.2.1.3 Shielding Materials......cccceevecciiiiiiee e V.2-10

V.2.2 Design Codes and Service Life ....cccvvvviieiiiciiei e V.2-12

V.2.3 Current Inspection and Monitoring Program........ccccccceeevcieeeecciveeescnnnnnn V.2-12

V.2.4  REFEIENCES c.uviiiiiiiiee ettt et esabe e sbeeenees V.2-13

V.3  Transnuclear Metal Spent-Fuel Storage Cask.........cccuveeveiiiiiiiiieeiiiiee e V.3-1

V.3.1  System DesCriplion ..ccceeeeeeieieieieeeceeccsse e V.3-1
V.3.1.1 Containment Vessel, Closure Lid, and Pressure

MonNitoring SYSTEM ..cccvvieieieeeeee, V.3-3

V.3.1.2 Fuel Basket Assemblies and Shieldings ........cccccceeeeeeicviinnenn... V.3-5

V.3.13 Concrete Pad and Operating EXperience .......cccccvveeeeeeecnnnns V.3-6

V.3.2 Codes and ServiCe Lif ...ttt e eereree e e e e e annes V.3-7

V.3.3 Current Inspection and Monitoring Program........ccccccceeevcvveeecciveeesinnnnnn V.3-8

V.34 REFEIENCES c.uviiiiiiiieecee ettt sae e e st e sbeeenees V.3-8

V.4  NAC International S/T Storage Casks.....ccoverierieiienieciecee et V.4-1

V4.1 System DesCriplion ..ccceeieieieieieiee i V.4-1

V.4.1.1 NAC-S/T, C28 S/T, 128, and STC ....ccceevverreereerree e e see e V.4-1

Used Fuel Disposition Campaign



Managing Aging Effects on Dry Cask Storage Systems for
Extended Long-Term Storage and Transportation of Used Fuel
June 30, 2012

V.5

V.6

V.4.1.2 NAC-IMPC ottt sbee e s sabaee e eaes

V.4.1.3 NAC-UMS ottt e s s e e s sbae e s snraeeesans

V.4.1.4 NAC-MAGNASTOR ....ooiiiiiiieicitee e ccreee e e e e svree e sraee e
V.4.2 Design Codes and Service Life......ccovviiviiiiiiiieei et
V.4.3 Current Inspection and Monitoring Program ........cccccceeeveeeeiiveeescveeeenns
V4.4 REFEIENCES wooiiiieiieecee ettt ettt st e st e e bee e snaeesanee s
Ventilated Storage Cask System VSC-24 ........cooooiiiiiiiiie et
V.5.1  System DeSCriPLiON ..uuuviiiiiiiiiiiiiiiieieieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeesesesseseeseseeeeeseens

V.5.1.1 Multi-Assembly Sealed Basket........ccooecuvveeeeeiiiiiiiiieeeee s

V.5.1.2 Ventilated Concrete Cask.......cccovvveeeiriiieiiniieeiiniiee e
V.5.2  Codes and Service Life ..ociiiiiieiiciiei ittt
V.5.3 Current Insepection and Monitoring Program ..........ccceceeevevviveeesiveeennnns
V.54 REFEIENCES uoveiiieiteeeee ettt e e e e e ee e e e e e e tbaae e e e e e eenaasraaaeens
Westinghouse MC-10 Metal Dry Storage Cask.....cccooeveiiieeeeiiiicciieeee e,
V.6.1  System DeSCriPlioN ......cuivviiiiiiiiiiiiiiiiiiieieeeteeeeeeereieeeeeeeeeeeeeeeeeeeeeeeeeeaeaeaeaens
V.6.2 Codes and Service Life ..oouiiiiiiiiiciiee ettt
V.6.3 Current Insepection and Monitoring Program ..........ccccceeeeevviveeescveeennns
V.6.4  REFEIENCES wooiuviieeiieeee ettt ettt e st e sbee e snteesaree s

Appendix A: Quality Assurance for Aging Management Programs for Used-Fuel

1.1
1.2
1.3
V.1-1
V.1-2
V.1-3
V.1-4
V.1-5

V.1-6
V.1-7
V.2-1

V.2-2
V.2-3
V.2-4
V.2-5
V.2-6

Dry STOrage SYSTEMS ... e e e e e aae

Figures
Flowchart of the license renewal ProCess .......cccocuveeieciieeecciiie e e
Flowchart of scoping evaluation...........c..eoeiiiiiiiiiiicccec e
Flowchart of the aging management review (AMR) Process ........cccceeeeveeeeeveeeeennnen.
NUHOMS® horizontal dry storage systems at San Onofre. ......cccccoecccvieeeeeeeeecnvennenn.
A schematic of the NUHOMS® dry storage system. .......ccccceeieeeiciiiieeee e
Details of HSM heat shield.......ccoouiiiiiiiiiiiiiiece e
Air flow diagram for a typical HSM deSigN ......cccuveeiiiiiiiiiiieie e

Drawing showing the side elevation and end view of the DSC
LT oo Lo o A U ot (] TSR

Components of the various NUHOMS® DSC assembly designs.........cccccceeeeeeecnnnnnenn.
Pressure and confinement boundaries for NUHOMS-32P1-T DSC........cuvvvvvvvvevvvnnnnns

Cross-sectional views of an MPC inserted into HI-STORM 100 and 100S storage
Lo )Y =T T T ST

HI-STORM 100 System using a HI-STORM 100S Version B overpack. ........ccc.ee........
Cross-sectional views of different MPC designs. ........cccceeeeeiieieecciiee e
Cross-section elevation view of MPC. .......cocciiiiiiriiiiii e
MPC vent port details.........uueiiiii i e

MPC closure details showing the MPC shell, MPC lid, and closure ring....................

V.4-3
V.4-4
V.4-7
V.4-9
V.4-9
V.4-10

V.5-1
V.5-1
V.5-1
V.5-2
V.5-4
V.5-4
V.5-5

V.6-1

V.1-4
V.1-7
V.1-8

V.2-1
V.2-2
V.2-3
V.2-4
V.2-5
V.2-5

Used Fuel Disposition Campaign



Managing Aging Effects on Dry Cask Storage Systems for
Extended Long-Term Storage and Transportation of Used Fuel

June 30, 2012 Xi
V.2-7 MPC confinement BOUNGAIY. ......cooiciiiiieiee et e e e V.2-6
V.2-8 Weld associated with the MPC confinement boundary. ........cccccovvevevciiiiccieeecnen. V.2-7
V.2-9 Cross sectional view of the MPC lid, closure ring, and shield lid. ............cccccveeeeeanne. V.2-7
V.2-10  MPCinternal helium circulation. ........ccceeieiiiiiini e V.2-8
V.2-11  Cross-sectional views of the HI-STORM 100 and 100S overpacks. .......cccceeecvveeeenneen. V.2-8
V.2-12  Ventilation cooling of a HI-STORM storage system. .......cccecuveeeeciieeeeiiiveeeecireeeeeneen V.2-9
V.2-13 Anchoring details for the HI-STORM 100A and 100SA overpacks. ......cccceeevcvveeennns V.2-10
V.2-14  Gamma shield cross plates for HI-STORM 100 and 100S overpacks. .........ccceeeunuee. V.2-11
V.3-1 Components of the Transnuclear dry shielded canister assembly ...........ccccceeeeeenn. V.3-1
V.3-2 Transnuclear storage cask confinement boundary components..........cccccceeeeeeennnnes V.3-2
V.3-3 TN-32 cask body key dimensioNns. .......ccccveiieciiieiciee e V.3-2
V.3-4 TN-32 cask seal pressure monitoring SYStEM. ......ccccveeeiiieeeeciiee et V.3-3
V.3-5(3) HEHCOTIEX SEAI uuuvrriieiiiiieiiiiiiee ettt eee et e e e e e eesaaraeeeeeeeeennnees V.3-5
V.3-5(b) A sketch illustrating the sealing concept of the Helicoflex seal..........cccceeeerrrrennenn. V.3-5
V.3-6 Radial cross-section of TN-32 cask showing basket, basket rails and gamma and

NEULION SHIEIAS. ..eeieiiieii e e V.3-6
V.3-7 TN-32 cask shielding configuration ..........cccecuiieiiiiee s V.3-6
V.3-8 Typical vertical storage of Transnuclear metal dry shielded canisters. Note that

for TN-32, the spacing on centers is 16 ft......ccccceeeiieeeeiiiee e e, V.3-7
V.4-1 NAC-S/T Metal Storage Cask .......cocueiicueeiiieeciee ettt ettt et e et e es V.4-3
V.4-2 NAC-UMS Dual-Purpose Storage System, CoC #72-1015 .......cccceeeeeeecccirreeeee e, V.4-6
V.4-3 NAC-MAGNASTOR Dual-Purpose Storage/Transport System, CoC # 72-1031 .......... V.4-8
V.5-1 VSC-24 SYSTeM COMPONENTS. ..uuuiiiiiiiiiiiiiiiiiiitititttrerertr e eeeeeeeeeeeeseeerereseseseeeeees V.5-1
V.6-1 Diagram of MC-10 spent-fuel dry storage casK..........ccceevueeeeeiieiiceiiee e V.6-1
V.6-2 MC-10 fuel basket OVEIVIEW. ......cceeiiiiiiiiiieeeeeee e e V.6-2
V.6-3 MC-10 fuel cell detail. ....ooueeieieeieee e e V.6-2
V.6-4 MC-10 cask closure details. ........coeueeriieeiiieiie e V.6-3
V.6-5 Y T (0 IE o11=1 o I T PSR V.6-4
V.6-6 MC-10 cask primary lid and bolting details.........cccccceiiriiiiiiie e, V.6-4

Tables

1.1 Definitions of Ten Elements in an AMP for Managing Aging Effects in SSCs of

DICSSS OF ISFSIS. ittt s e s 1.3-6
1.1 Selected Definitions and Use of Terms for Describing and Standardizing

Structures and COMPONENTS. .oiiiicuiiiiiciiieeciieee e cctee e e e e e e e sre e e ssbeee e ssareeeesreeeeeans 1.1-1

Used Fuel Disposition Campaign



Managing Aging Effects on Dry Cask Storage Systems for
Extended Long-Term Storage and Transportation of Used Fuel

Xii June 30, 2012
.2 Selected Definitions and Use of Terms for Describing and

Standardizing Materials. ... 11.2-1
1.3 Selected Definitions and Use of Terms for Describing and

Standardizing ENVIFONMENTS. ......uii it stee e e e e e bee e e 11.3-1
1.4 Selected Use of Terms for Describing and Standardizing Aging Effects................... 11.4-1
1.5 Selected Definitions and Use of Terms for Describing and

Standardizing AgiNng MeChaniSMS. .......ccciiiiiiie e 11.5-1
.1 Sample Process for Identifying Potential TLAAs and Basis for Disposition. .............. 1.1-5
.2 [CT=] LT g Tol N AV AN OO RRORORORORPRPRORt 1.1-5
1.3 Examples of Potential Site-Specific TLAAS .......coivciieeiciiee et l.1-6
V.1.A NUHOMS® Dry Spent-Fuel Storage: Horizontal Storage Module (HSM)................... V.1-12
V.1.B NUHOMS® Dry Spent-Fuel Storage: Dry Shielded Canister (DSC) .......cccoveeecrveeeennnen. V.1-22
V.2.A HI-STORM 100 System: Storage Overpack and Pad ........cccccvveeeiieniciiieeee e, V.2-14
V.2.B HI-STORM 100 System: Multipurpose Canister (MPC).......cccooeeeeiieeeeciiee e, V.2-23
V.3.A Transnuclear Metal Spent-Fuel Storage Cask (A) .....cccveevveecieeeiiieerie e e V.3-10
V.3.B Transnuclear Metal Spent-Fuel Storage Cask (B) ......ccceeevciieiiiiiieeeiiee e V.3-12
V.4-1 Parameters for Selected NAC International Dry Storage Casks .......ccccccveeeeevieeennnnen. V.4-2
V.4-2 Selected Parameters for NAC-MPC, NAC-UMS, and NAC MAGNASTOR

DIy STOrage SYSTEMS ...vvviiiiiiiiiiiiiieeererere e e e e e e e e e e aeeeeaaaaaaaaaeaaaeaaaaeeeeeeesaeaeanens V.4-5
V.4.A NAC International S/T Storage Casks: Storage Overpack and Pad ........c...cccveeeuveneee. V.4-12
V.4.B NAC International S/T Storage Casks: Multipurpose Canister.........ccevveevveerreenreennen. V.4-20
V.5.A VSC-24 Storage Cask: MSB and VCC ......ccovuiiiiiiiiie ettt srivee st e e s svaee e ssvaee e V.5-6
V.5.B VSC-24 Storage Cask: CONCrete Pad ........cccveeiiciieee ettt etree e s sane e V.5-11
V.6.A Westinghouse MC-10 Metal Dry Storage Cask: Cask Body, Fuel Basket,

0 T [ o T 0 Lo Y= | KT V.6-8
V.6.B Westinghouse MC-10 Metal Dry Storage Cask: Concrete Pad .......ccccceecvviveeeeeeennnnns V.6-11

Used Fuel Disposition Campaign



Managing Aging Effects on Dry Cask Storage Systems for
Extended Long-Term Storage and Transportation of Used Fuel

June 30, 2012

Xiii

ACRONYMS

ACI American Concrete Institute

AISC American Institute of Steel Construction
AMA aging management activity

AMP aging management plan or program
AMR Aging Management Review

ANSI American National Standards Institute
ASME American Society of Mechanical Engineers
ASR alkali-silica reaction

ASTM American Society for Testing and Materials
BWR boiling water reactor

CB confinement boundary

cC criticality control

CFR Code of Federal Regulations

CoC Certificate of Compliance

CUF cumulative usage factor

DCSS dry cask storage system

DOE U.S. Department of Energy

DOR Division of Operating Reactors

DSC dry shielded canister or dry storage cask
ELTS Extended Long Term Storage

EPRI Electric Power Research Institute

FR fuel retrievability

FSAR Final Safety Analysis Report

GALL Generic Aging Lessons Learned

GL Generic Letter

GTCC greater than class C

GWd gigawatt-day

HSM horizontal storage module

HT heat transfer

ISFSI Independent Spent Fuel Storage Installation
ISG interim staff guidance

ITS important to safety

ksi kilopounds per square inch

MPa megapascal

MPC Multi-Purpose Canister/Cask

Used Fuel Disposition Campaign



Managing Aging Effects on Dry Cask Storage Systems for
Extended Long-Term Storage and Transportation of Used Fuel

Xiv June 30, 2012
MRS monitored retrievable storage

MSB Multi-Assembly Sealed Basket

NAC Nuclear Assurance Corporation International
NRC U.S. Nuclear Regulatory Commission
NUHOMS NUTECH horizontal modular storage

NUREG U.S. Nuclear Regulatory Commission Regulation
ONS Oconee Nuclear Station

PMS pressure-monitoring system

ppm part(s) per million

PT liquid penetrant testing

PWR pressurized water reactor

QA quality assurance

RG Regulatory Guide

RS radiation shielding

SAR Safety Analysis Report

SER Safety Evaluation Report

SCC stress corrosion cracking

SNF spent nuclear fuel (used interchangeably with used nuclear fuel or used fuel)
SRP Standard Review Plan

SS structural support

SSC structure, system, and component

S/T storage/transfer

TLAA time-limited aging analysis

TN Transnuclear, Inc.

TSC transportable storage canister

UMF Universal Multi-Purpose Canister System
u.s. United States (adjective)

uT ultrasonic testing

VCC vertical concrete cask

VSC ventilated storage cask

Used Fuel Disposition Campaign



Managing Aging Effects on Dry Cask Storage Systems for
Extended Long-Term Storage and Transportation of Used Fuel
June 30, 2012 I-1

[. INTRODUCTION

The cancellation of the Yucca Mountain repository program in the United States raises the prospect
of extended long-term storage (i.e., >120 years) and deferred transportation of used fuel at
operating and decommissioned nuclear power plant sites. Under U.S. federal regulations contained
in Title 10 of the Code of Federal Regulations (CFR) 72.42, the initial license term for an Independent
Spent Fuel Storage Installation (ISFSI) must not exceed 40 years from the date of issuance. Licenses
may be renewed by the U.S. Nuclear Regulatory Commission (NRC) at the expiration of the license
term upon application by the licensee for a period not to exceed 40 years. Application for ISFSI
license renewals must include the following: (1) Time-limited aging analyses (TLAAs) that
demonstrate that structures, systems, and components (SSCs) important to safety will continue to
perform their intended function for the requested period of extended operation; and (2) a
description of the aging management program (AMP) for management of issues associated with
aging that could adversely affect SSCs important to safety. In addition, the application must also
include design bases information as documented in the most recent updated final safety analysis
report as required by 10 CFR 72.70. Information contained in previous applications, statements, or
reports filed with the Commission under the license may be incorporated by reference provided that
those references are clear and specific.

The NRC has recently issued the Standard Review Plan (SRP) for renewal of used-fuel dry cask
storage system (DCSS) licenses and Certificates of Compliance (CoCs), NUREG-1927, under which
NRC may renew a specific license or a CoC for a term not to exceed 40 years. Both the license and
the CoC renewal applications must contain revised technical requirements and operating conditions
(fuel storage, surveillance and maintenance, and other requirements) for the ISFSI and DCSS that
address aging effects that could affect the safe storage of the used fuel. The information contained
in the license and CoC renewal applications will require NRC review to verify that the aging effects
on the SSCs in DCSSs/ ISFSIs are adequately managed for the period of extended operation. To date,
all of the ISFSIs located across the United States with more than 1,500 dry casks loaded with used
fuel have initial license terms of 20 years; three ISFSIs (Surry, H.B. Robinson and Oconee) have
received their renewed licenses for 20 years, and two other ISFSIs (Calvert Cliffs and Prairie Island)
have applied for license renewal for 40 years.

This report examines issues related to managing aging effects on the SSCs in DCSSs/ISFSIs for
extended long-term storage and transportation of used fuels, following an approach similar to that
of the Generic Aging Lessons Learned (GALL) report, NUREG-1801, for the aging management and
license renewal of nuclear power plants. The report contains five chapters and an appendix on
quality assurance for aging management programs for used-fuel dry storage systems. Chapter | of
the report provides an overview of the ISFSI license renewal process based on 10 CFR 72 and the
guidance provided in NUREG-1927. Chapter Il contains definitions and terms for structures and
components in DCSSs, materials, environments, aging effects, and aging mechanisms. Chapter llI
and Chapter IV contain generic TLAAs and AMPs, respectively, that have been developed for
managing aging effects on the SSCs important to safety in the dry cask storage system designs
described in Chapter V. The summary descriptions and tabulations of evaluations of AMPs and
TLAAs for the SSCs that are important to safety in Chapter V include DCSS designs (i.e., NUHOMS®,
HI-STORM 100, Transnuclear (TN) metal cask, NAC International S/T storage cask, ventilated storage
cask (VSC-24), and the Westinghouse MC-10 metal dry storage cask) that have been and continue to
be used by utilities across the country for dry storage of used fuel to date.
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The goal of this report is to help establish the technical basis for extended long-term storage and
transportation of used fuel.
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.1 Overview of License Renewal Process

A licensee or a holder of a CoC must submit a license renewal application at least 2 years before the
expiration of a specific license in accordance with the requirements of 10 CFR 72.42(b), or at least
30 days before the expiration of a general license or the associated CoC in accordance with the
requirements of 10 CFR 72.240(b). A license or CoC is renewed on the bases that the existing
licensing basis continues to remain valid and the intended functions of the SSCs important to safety
are maintained during the period of extended operation. Therefore, the license renewal application
includes the following: (1) general information related to the licensee/CoC holder and review of
regulatory requirements, (2) scoping evaluation to identify the SSCs in the ISFSI or DCSS that are
within the scope of license renewal, and (3) for all in-scope SSCs, an Aging Management Review
(AMR) that includes (i) identification of their materials of construction and the operating
environments, (ii)a list of potential aging effects and degradation mechanisms, and
(iii) comprehensive AMPs that manage the effects of aging on SSCs that are important to safety and
TLAAs that demonstrate that SSCs important to safety will continue to perform their intended
function for the proposed period of extended operation. The application for the renewal of an ISFSI
or DCSS license or CoC must contain revised technical requirements and operating conditions (e.g.,
fuel storage, surveillance and maintenance, and other requirements) for the ISFSI and DCSS that
address aging effects that could affect the safe storage of the used fuel. Figure I.1, adapted from
NREG-1927, presents a flowchart of the license renewal process.

Review of Regulatory Requirements
* Licensee/CoC holder information
* Financial information
* Application content
* Envircnmental report

!

Scoping Evaluation
* Scoping process
Identification of intended function of S5Cs
* 55Cs within the scope of licensee/CoC renewal
Identification of S5C subcomponents within scope
* 55Cs not within the scope of licensee/CoC renewal

l

Aging Management Review (AMR)
* |[dentification of materials and environments
* |[dentification of aging effects
* Aging management activity
Appreach for addressing the effects of aging

v !

Time-Limited Aging Analyses (TLAAs) Aging Management Programs (AMPs)
* |dentification of applicable S5Cs * Aging Effects Consideration
* TLAA for extended operation * Prevention, Mitigation, Condition and

Performance Monitoring
* Corrective Actions

b
Retrievability

Figure 1.1: Flowchart of the license renewal process (Adapted from NUREG-1927).
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The items in Figure 1.1 summarize the review of regulatory requirements in 10 CFR 72, or any other
regulation, that may be applicable to the license renewal process, the scoping evaluation, aging
management review (AMR), aging management programs (AMPs), and time-limited aging analyses
(TLAAs). Pursuant to 10 CFR 72.42(b), the application must include design bases information as
documented in the most recent updated final safety analysis report (SAR) as required by 10 CFR
72.70. Information contained in previous applications, statements, or reports filed with the
Commission under the license may be incorporated by clear and specific reference. The contents of
the application are in accordance with the applicable requirements in 10 CFR 72.48, “Changes, Tests,
and Experiments,” and 10 CFR 72.240, “Condition for Spent Fuel Storage Cask Re-approval,” and
licensee information is in accordance with 10 CFR 72.22, “Contents of Application: General and
Financial Information.” Also, as required by 10 CFR 51.60, “Environmental Reports: Materials
Licenses,” and 10 CFR 72.34, “Environmental Report,” the renewal application contains an
environmental report, or its supplement, that includes the information specified in 10 CFR 51.45,
“Environmental Report: General Requirements.”

If there have been any modifications in the design of the SSCs or if some components of the ISFSI or
DCSS were replaced in accordance with 10 CFR 72.48, all additional information related to the
updated final SAR, and changes or additions to the technical specifications, should be included in the
application. All supporting information and documents incorporated by reference should be
identified. Furthermore, these and other site-specific documents should be reviewed to identify
whether any other NRC directives, such as interim staff guidance (ISG) or NUREG reports, are
relevant for license renewal.
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.2  Scoping Evaluation

The scoping process identifies the SSCs of the ISFSI or DCSS that should be reviewed for aging
effects. Figure 1.2, adapted from NUREG-1927, presents a flowchart of the scoping evaluation
process. Specifically, the application should include the following information related to the scoping
evaluation:

e A description of the scoping process and methodology for inclusion of SSCs in the
renewal scope

e A list of the SSCs (and appropriate subcomponents) that are identified as within the
scope of renewal, their intended function, and safety classification or basis for inclusion

e Alist of the sources of information used for scoping

e Any discussion needed to clarify the process, SSC designations, or sources of
information used.

The guidance provided in Section 2.4, NUREG-1927 and the methodology of NUREG/CR-6407
[McConnell et al. 1996] are used in this report in determining the classification of DCSS components
according to importance to safety. The components in a DCSS may be grouped into three safety
categories similar to those defined in Section 3 of NUREG/CR-6407:

e Category A — Critical to safe operation: Includes SSCs whose failure could directly result
in a condition adversely affecting public health and safety. The failure of a single item
could cause loss of primary containment leading to release of radioactive material, loss
of shielding, or unsafe geometry compromising criticality control.

Scoping evaluation process
of license/CoC renewal

!

Is the Yes SCC is within
S8C important — the scope of
o safety? ‘ renewal.

[ o

Could the failure
of the SSC “not important Yes
to safety” impact a
safety function?

lNo

SCCis not
within the scope of
renewal

Figure 1.2: Flowchart of scoping evaluation (Adapted from NUREG-1927).
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e (Category B — Major impact on safety: Includes SSCs whose failure or malfunction could
indirectly result in a condition adversely affecting public health and safety. The failure of
a Category B item, in conjunction with the failure of an additional item, could result in
an unsafe condition.

e Category C — Minor impact on safety: Includes SSCs whose failure or malfunction would
not significantly reduce the packaging (or storage) effectiveness and would not be likely
to create a situation adversely affecting public health and safety.

NUREG-1927 defines the important safety functions of the SSCs in a DCSS as (1) criticality,
(2) shielding, (3) confinement, (4) heat transfer, (5) structural integrity, and (6) retrievability. For
indexing purposes for the SSCs identified in Chapter V of this report, these important safety
functions are abbreviated and rearranged with the following definitions:

e (B — Confinement Boundary: The components and supporting materials that are
incorporated into the storage system design for the purpose of retaining the radioactive
material during normal and accident conditions.

e CC - Criticality Control: The components and supporting materials that are incorporated
into the storage system design for the purpose of maintaining the contents in a
subcritical configuration during normal and accident conditions.

e RS — Radiation Shielding: The components and supporting materials that are
incorporated into the storage system design for the purpose of reducing radiation
emitted by the contents during normal and accident conditions.

e HT — Heat Transfer: The components and supporting materials that are incorporated
into the storage system design for the purpose of removing decay heat under normal
conditions and protecting temperature-sensitive components (e.g., lead shielding and
seals) under accident conditions.

eSS —Structural Support: The components and supporting materials that are incorporated
into the storage system design for the purpose of maintaining the structure in a safe
condition during normal and accident conditions.

e FR - Fuel Retrievability: The components and supporting materials that are incorporated
into the storage system design for the purpose of operations support (e.g., for loading,
unloading, maintenance, monitoring, or transporting) and the failure of which could
impact fuel retrievability.

According to Section 2.4.2 of NUREG-1927, the SSCs within the scope of license renewal generally
fall into the following two scoping categories:

1. Those that are classified as important to safety because they are relied upon to do one
of the following:

— Maintain the conditions required by the regulation, license, or CoC to store used
fuel safely.

— Prevent damage to the used fuel during handling and storage.

— Provide reasonable assurance that used fuel can be received, handled, packaged,
stored, and retrieved without undue risk to the health and safety of the public.
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2. Those that are classified as not important to safety but, according to the licensing basis,
their failure could prevent fulfillment of a function that is important to safety, or their
failure as support SSCs could prevent fulfillment of a function that is important to safety.

The in-scope SSCs are further reviewed to identify and describe the subcomponents that support
the intended function or functions of the SSCs. All SSCs that are important to safety, or whose
failure may prevent a function that is important to safety, should be identified in the renewal
application in accordance with the applicable requirements of 10 CFR 72.3, 10 CFR 72.24, 10 CFR
72.120, 10 CFR 72.122, and 10 CFR 72.236.

Typically, all equipment connected with cask loading and unloading, such as vacuum-drying
equipment, welding and sealing equipment, transfer casks and transporter devices, lifting rigs and
slings, and other tools, fittings, and measuring devices are not important to safety and, therefore,
not within the scope for license renewal. Also, unless the DCSS is anchored to the basemat (pad),
the pad is not within the scope of license renewal because it does not perform a safety function or
its failure is considered not to impact a safety function. However, for facilities where the DCSS is
anchored to the pad, the pad is classified as important to safety and included in the AMR. Also in
this report, the approach pad in the NUHOMS® dry storage system is considered within the scope of
license renewal because differential settlement of the approach pad may prevent retrieval of the
dry shielded canister from the NUHOMS® storage module.

Used Fuel Disposition Campaign



Managing Aging Effects on Dry Cask Storage Systems for
Extended Long-Term Storage and Transportation of Used Fuel
1.2-4 June 30, 2012

Page intentionally blank

Used Fuel Disposition Campaign



Managing Aging Effects on Dry Cask Storage Systems for
Extended Long-Term Storage and Transportation of Used Fuel
June 30, 2012 1.3-1

.3 Aging Management Review

The purpose of the aging management review (AMR) is to assess all SSCs, determined to be within
the scope of renewal, that are subject to aging effects and the associated aging degradation
processes, and define potential AMAs needed to manage all aging effects that could adversely affect
the ability of these SSCs to perform their intended functions during the period of extended
operation. The management of aging effects of SSCs in used-fuel dry casks for long-term storage is
similar to that required for renewal of licenses for nuclear power plants under 10 CFR Part 54,
“Requirements for Renewal of Operating License for Nuclear Power Plants.” Figure 1.3, adapted from
NUREG-1927, presents a flowchart of the AMR process for the SSCs in the license renewal of ISFSIs.

Pursuant to 10 CFR 72.24, the SAR for the ISFSI or DCSS contains an analysis and evaluation of the
design and performance of SSCs important to safety, with the objective of assessing the impact on
public health and safety resulting from the operation of the ISFSI or DCSS. The design-basis
information includes determination of (a) the margins of safety during normal operations and
expected operational occurrences during the life of the facility, and (b)the adequacy of the
prevention and mitigation measures (i.e., the adequacy of the SSCs provided for the prevention of
accidents and the mitigation of the consequences of accidents, including natural and manmade
phenomena and events). Also, the requirements in 10 CFR 72.122(i) specify that systems that are
required under accident conditions should be identified in the SAR.

1.3.1 Relevant Regulations for Aging Management Review

The design criteria contained in the SAR establish the design, fabrication, construction, testing,
maintenance, and performance requirements for SSCs important to safety. The requirements for
general design criteria for ISFSIs or DCSSs are contained in 10 CFR 72.120(a). The design
requirements in 10 CFR 72.120(d) specify that ISFSIs must be designed, made of materials, and
constructed to ensure that there will be no significant chemical, galvanic, or other reactions
between or among the storage system components, spent fuel, and/or high-level waste including
possible reaction with water during wet loading and unloading operations. Also, the behavior of
materials under irradiation and thermal conditions must be taken into account.

The overall requirements for protection against environmental conditions and natural phenomena
and protection against fire and explosions are contained in 10 CFR 72.122(b) and (c), respectively.
Also, as part of the general design criteria, 10 CFR 72.122(f) requires that systems and components
that are important to safety must be designed to permit inspection, maintenance, and testing. In
addition, 10 CFR 72.122(h) establishes the requirements for confinement barriers and systems,
which include capability for continuous monitoring in a manner such that the licensee will be able to
determine when corrective action needs to be taken to maintain safe storage conditions. For dry
storage facilities, periodic monitoring is acceptable provided the monitoring instrumentation system
and monitoring period are based on the dry storage cask design requirements. The requirements in
10 CFR 72.122 also specify that used fuel cladding must be protected during storage against
degradation that leads to gross rupture or the fuel must be otherwise confined such that its
degradation during storage will not pose operational safety problems with respect to its removal
from storage. Such capabilities are generally included in the original design of the SSCs.
Furthermore, 10 CFR 72.122(l) requires that storage systems must be designed to allow retrieval of
the used fuel or high-level radioactive waste for further processing or disposal.
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Figure 1.3: Flowchart of the aging management review (AMR) process (Adapted from NUREG-1927).
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The criteria for used fuel, high-level radioactive waste, and other radioactive waste storage and
handling in 10 CFR 72.128(a) specify that the storage facilities for used fuel and such waste must be
designed to ensure adequate safety under normal and accident conditions, and include the
following:

A capability to test and monitor components important to safety,

Suitable shielding for radioactive protection under normal and accident conditions,

Confinement structures and systems,

Eal (S

A heat-removal capability having testability and reliability consistent with its importance
to safety, and

5. Means to minimize the quantity of radioactive wastes generated.

The quality assurance and test control requirements must ensure that all testing performed to
demonstrate that the SSCs will perform satisfactorily in service is in accordance with 10 CFR 72.162.

The criteria for radioactive materials in effluents and direct radiation from an ISFSI shall meet the
requirements of 10 CFR 72.104(a) and 10 CFR 72.106(b). The requirements for the design for nuclear
criticality safety, methods for criticality control, and criticality monitoring are described in 10 CFR
72.124. The design requirements specify that the spent-fuel handling, packaging, transfer, and
storage systems must be designed to be maintained subcritical and to ensure that, before a nuclear
criticality accident is possible, at least two unlikely, independent, and concurrent or sequential
changes have occurred in the condition essential to nuclear criticality safety. The design for
handling, packaging, transfer, and storage systems must include margins of safety for the nuclear
criticality parameters that are commensurate with the uncertainties in the data and methods used
in calculations. Furthermore, the methods for criticality control require that where solid neutron-
absorbing materials are used, the design must provide for positive means of verifying their
continued efficacy.

The quality assurance requirements of 10 CFR 72.170 state that measures must be taken to control
materials, parts, or components that do not conform to their respective requirements in order to
prevent their inadvertent use or installation. Nonconforming items must be reviewed and accepted,
rejected, or repaired in accordance with documented procedures.
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The specific requirements for approval and fabrication of spent-fuel storage casks are contained in
10 CFR 72.236. Some of the significant requirements are as follows:

(b) Design bases and design criteria must be provided for SSCs important to safety.

(c) The spent-fuel storage cask must be designed and fabricated so that the spent fuel is
maintained in a subcritical condition under credible conditions.

(d) Radiation shielding and confinement features must be provided sufficient to meet the
requirements in 10 CFR 72.104 and 72.106.

(e) The spent-fuel storage cask must be designed to provide redundant sealing confinement
systems.

(f) The spent-fuel storage cask must be designed to provide adequate heat removal capacity
without active cooling systems.

(g) The spent-fuel storage casks must be designed to store the spent fuel safely for the term
proposed in the application, and permit maintenance as required.

()  The spent-fuel storage cask and its systems important to safety must be evaluated, by
appropriate tests or by other means acceptable to the NRC, to demonstrate that they will
reasonably maintain confinement of radioactive material under normal, off-normal, and
credible accident conditions.

(m) To the extent practicable in the design of spent-fuel storage casks, consideration should
be given to compatibility with removal of the stored spent fuel from a reactor site,
transportation, and ultimate disposition by the Department of Energy.

For license renewal, the licensee or certificate holder should review its SAR and define all
management activities to ensure that all aging effects are adequately managed and that the SSCs
can perform their intended functions, consistent with the existing licensing basis, for the period of
extended operations. The AMA of the SSCs that are subject to potential aging effects involves either
an AMP or a TLAA, or both.

1.3.2 Time-Limited Aging Analysis

A TLAA is a process to assess SSCs that have a time-dependent operating life, as defined by a design
basis such as the American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code,
Section Ill, Division 1, Subsection NB or Division 3, Subsection WC; American Concrete Institute (ACl)
349 or 318; and American Institute of Steel Construction (AISC) Codes. Time dependency may be
fatigue life (cycles) or change in mechanical property such as fracture toughness or strength of
materials due to irradiation, or time-limited operation of a component. Examples of possible TLAAs
include (a) fatigue of metal and concrete structures and components, (b) corrosion analysis of metal
components, (c) time-dependent degradation of neutron absorber materials, (d) time-dependent
degradation of radiation shielding materials, (f) environmental qualification of electrical equipment,
and (g) other site-specific time-limited aging analyses.

Also, the original design of ISFSIs or DCSSs may not have considered the conditions or aging-related
degradation processes associated with extended long-term storage, but these need to be addressed
to ensure that the existing licensing basis continues to remain valid during the period of extended
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operation. Examples of such issues include potential degradation of concrete structures due to long-
term exposure to temperatures above 150°C (302°F) or gamma radiation. An AMR of these issues
may involve a TLAA. Furthermore, as discussed in Section 1.3.1, 10 CFR 72.124(b) requires that
where solid neutron-absorbing materials are used, the design must provide for positive means of
verifying their continued efficacy. The continued efficacy may be confirmed by a TLAA showing that
significant degradation of the neutron-absorbing material cannot occur for the term proposed in the
license renewal application.

1.3.3 Aging Management Program

The purpose of the AMP is to ensure that the aging effects do not result in a loss of the intended
safety functions of the SSCs that are within the scope of the original license agreements, or in the
case of license renewal, for the term of the renewal. Managing aging effects on SSCs in used-fuel
DCSSs during long-term storage includes identification of the materials of construction and the
environments to which these materials are exposed. Service conditions, such as temperature, wind,
humidity, rain/snow/water, marine salt, radiation field, and gaseous environment (e.g., external air
environment, internal inert-gas environment such as helium), must be monitored in order to assess
and manage the potential aging effects due to environmental degradation of materials. For
example, the combination of aging effects and aging mechanisms for concrete structures may
include scaling, cracking, and spalling due to freeze-thaw, leaching of calcium hydroxide, aggressive
chemical attack, reaction with aggregates, shrinkage, or settlement; loss of material due to
corrosion or abrasion and cavitation; and loss of strength and modulus due to elevated temperature
or irradiation.

The aging effects/mechanisms for structural steel and reinforcing steel (rebar) may include loss of
material due to corrosion; loss of strength and modulus due to elevated temperature; loss of
fracture toughness due to radiation; and stress-corrosion cracking (SCC). The aging
effects/mechanisms for the cask internals may include loss of material due to corrosion; change in
dimensions due to creep; loss of preload due to stress relaxation; loss of fracture toughness due to
thermal or neutron embrittlement; and crack initiation and growth due to SCC.

Also, as discussed in Section 1.3.2, the original design of the ISFSI or DCSS may not have considered
conditions or aging-related degradation processes unique to extended long-term storage, and these
must be addressed to ensure that the existing licensing basis continues to remain valid during the
period of extended operation. Furthermore, the original design of the dry storage facility may not
permit the types of conditions and/or performance monitoring and inspections that are required for
extended long-term storage. Therefore, an existing AMP may need to be augmented, or a new site-
specific AMP may need to be developed, to ensure that the functional and structural integrity of the
storage facility is maintained during the period of extended operation.

However, since ISFSIs or DCSSs consist of mostly passive SSCs, their degradation may not be readily
apparent from a simple condition-monitoring program such as periodic inspection, and may require
other AMPs that are generally of four types:

e Prevention: Programs that keep the aging effects from occurring, e.g., coating programs
to prevent external corrosion of a carbon steel overpack component.

e Mitigation: Programs that slow the effects of aging, e.g., cathodic protection systems
used to minimize corrosion of buried metallic components.
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e (Condition Monitoring: Programs that search for the presence and extent of aging
effects, e.g., visual inspection of concrete structures for cracking; sensors that monitor
temperatures, pressures, or fission gas such as Kr-85.

e Performance Monitoring: Programs that verify the ability of the SSCs to perform their
intended safety functions, e.g., periodic radiation and temperature monitoring.

A typical example of a Condition Monitoring program for used-fuel dry casks is an analysis of historic
radiation survey data. The operating experience of the used-fuel dry casks, including corrective
actions and design modifications, is an important source of information for evaluating the ongoing
conditions of the SSCs and for root-cause determinations. Such information is important to safety,
and can be used to define mitigation programs that prevent similar recurrences in a timely manner.

While the types and the details of an AMP may vary depending on the specific SSC, the ten elements
of an AMP (based on NUREG-1927 and presented in Table I.1) may be used to evaluate the
adequacy and effectiveness of the AMP in managing the aging effects on SSCs in DCSSs for extended
long-term storage. The evaluation process of an AMP is similar to that used in NUREG-1801, Rev. 2,
by utilities and NRC for license renewal of operating nuclear power plants.

Table 1.1  Definitions of Ten Elements in an AMP for Managing Aging Effects in SSCs of DCSSs or

ISFSIs.
AMP Element Description

1. Scope of the program The scope of the program should include the specific structures and components
subject to an AMR.

2. Preventive actions Preventive actions should mitigate or prevent the applicable aging effects.

3. Parameters monitored or Parameters monitored or inspected should be linked to the effects of aging on

inspected the intended functions of the particular structure and component.

4, Detection of aging effects Detection of aging effects should occur before there is a loss of any structure’s or
component’s intended function. This element includes aspects such as method or
technique (i.e., visual, volumetric, surface inspection), frequency, sample size,
data collection and timing of new/one-time inspections to ensure timely
detection of aging effects.

6. Acceptance criteria Acceptance criteria, against which the need for corrective action will be
evaluated, should ensure that the particular structure’s and component’s
intended functions are maintained under all current licensing basis design
conditions during the period of extended operation.

7. Corrective actions Corrective actions, including root-cause determination and prevention of
recurrence, should be timely.

8. Confirmation process The confirmation process should ensure that preventive actions are adequate
and appropriate corrective actions have been completed and are effective.

9. Administrative controls Administrative controls should provide a formal review and approval process.

10.  Operating experience Operating experience involving the AMP, including past corrective actions

resulting in program enhancements or additional programs, should provide
objective evidence to support a determination that the effects of aging will be
adequately managed so that the structures’ and components’ intended functions
will be maintained during the period of extended operation.
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.4 Overview of Managing Aging Effects

As stated earlier in Section |, the goal of this report is to help establish the technical basis for
extended long-term storage and transportation of used fuel. The report is being prepared in a
format similar to that of NUREG-1801, but it is not an NRC document even though the report shares
the same principles universally adopted in the aging management of SSCs for license renewal of
nuclear power plants. The report follows closely the guidance provided in the Standard Review Plan
for Renewal of Spent Fuel Dry Cask Storage System Licenses and Certificates of Compliance, NUREG-
1927.

Managing aging effects on dry cask storage systems for extended long-term storage and
transportation consists of three steps: (1) perform a scoping evaluation to identify the SSCs in the
ISFSI or DCSS that are within the scope of license renewal, their materials of construction, and the
operating environments; (2) for each in-scope SSC, list the potential aging effects and degradation
mechanisms; and (3) provide an AMR to define comprehensive AMPs and TLAAs that manage the
aging effects for each of these SSCs. An overview of the license renewal process, scoping evaluation
and aging management review are given in Sections I.1, 1.2 and 1.3, respectively.

For each DCSS design described in Chapter V, tables have been constructed that identify SSCs and
their subcomponents by Item, Structure and/or Component (with rankings of Safety Categories A, B,
and C defined in Section I.2), Intended Safety Function (e.g., CB, CC, RS, HT, SS, FR defined in Section
1.2), Material, Environment, Aging Effect/Mechanism, AMP or TLAA, and Program Type. Each line
item in the table represents a unique component/material/environment/aging-effect combination
and the AMP or TLAA for managing the aging effects such that the intended function of the
component is maintained during the period of extended operation. Separate line items are included
in these AMR tables not only for SSCs that are important to safety, but also for those SSCs that may
not have such a function but whose failure could affect performance of the SSCs that are important
to safety.

For a specific structure or component listed in the Chapter V tables, if the AMP is consistent with the
applicable requirements of 10 CFR 72 and considered to be adequate to manage aging effects, the
entry in the “Program Type” column in the table indicates a generic program described in Chapter IV
of this report. For these AMPs, no further evaluation is recommended for license renewal. If there is
no acceptable AMP to manage the aging effects for a specific combination of component/material/
environment/aging effect, the entry in the “Program Type” column recommends further evaluation
with details that may become part of a site-specific AMP.

Guidance on the evaluation of TLAAs is provided in Chapter Il of this report. TLAAs are required for
those SSCs that are subject to time-dependent degradation and meet the criteria of NUREG-1927,
Section 3.5, “Identification of TLAAs.” These criteria are similar to those of 10 CFR 54.21(c) for the
renewal of operating licenses for nuclear power plants. For example, the guidelines stated in
NUREG-1927 Section 3.5.1(5)(i) are equivalent to those of 10 CFR 54.21(i) or (ii) in that the analyses
have been projected to the end of the period of extended operation, and the guidelines stated in
Section 3.5.1(5)(ii) are equivalent to those of 10 CFR 54.21(iii) in that the effects of aging on the
intended functions of the SSC will be adequately managed for the period of extended operation (i.e.,
potential effects of time-dependent aging degradation evaluated in the TLAA will be managed by an
AMP that includes future inspections or examinations).

Used Fuel Disposition Campaign



Managing Aging Effects on Dry Cask Storage Systems for
Extended Long-Term Storage and Transportation of Used Fuel
1.4-2 June 30, 2012

In general, the nondestructive examination of ISFSI and DCSS components is to be performed in
conformance with the ASME Code Section XI requirements. This is consistent with the
recommendations of NUREG/CR-7116 [Sindelar et al. 2011], which states that the inspection
program recommended for the extended storage and transportation of spent nuclear fuel should be
consistent with the requirements of ASME Section XI. NRC I1SG-4, Rev. 1, additionally states that
“welding processes, weld inspection criteria, and personnel qualifications should be verified as being
in conformance with the ASME Code” and that dye-penetrant examinations should be performed in
accordance with ASME Code Section V. Both this document and NUREG-1567 specify that the critical
flaw size should be calculated in accordance with ASME Section XI methodology.

Quality assurance (QA) for AMPs is discussed in Appendix A. As stated in that appendix, those
aspects of the AMR process that affects the quality of safety-related SSCs are subject to the QA
requirements of 10 CFR Part 72, Subpart G, “Quality Assurance.” For nonsafety-related SSCs subject
to an AMR, the QA requirements of 10 CFR Part 50, Appendix B, may be used to address the
elements of the corrective actions, confirmation process, and administrative controls for an AMP
(see Table I.1) for extended long-term storage and transportation.

The goal of this report is to help establish the technical basis for extended long-term storage and
transportation of used fuel. Future efforts will include other DCSS designs currently operated under
10 CFR 72.214 (development of additional AMPs and TLAAs that may be deemed necessary) and
further evaluation of the adequacy of the generic AMPs and TLAAs that may need augmentation.
Industry and site-specific operating experience from the various DCSSs/ISFSIs located across the
country will be examined to (a) ascertain the potential aging effects on the SSCs in the DCSSs,
thereby enabling a compilation of existing aging management activities, and (b) assess their
adequacy for extended long-term storage and transportation of used fuel.

It should be noted that managing aging effects on dry cask storage systems for extended long-term
storage and transportation of used fuel “begins” when the used fuel assemblies are loaded into a
canister (or cask) under water in the spent fuel pool. The canister (or cask) containing the used fuel
assembilies is then drained, vacuum dried and back-filled with helium before the lid is closed, either
by welding or bolted closure. The canister (or cask) is then placed inside a dry cask and transferred
to an outdoor concrete pad of an ISFSI, where it would stay for 20 or 40 years of the initial license
term, and up to another 40 years for a renewal license term, according to 10 CFR 72.42. More than
1,500 dry casks have begun long-term storage under the initial license terms; some of them have
been in storage for over 20 years and are already in the renewed license term for up to 20 years.

Transferring from pool to pad or wet to dry storage is an abrupt change of environment for the used
fuel assemblies, and the effects are most pronounced during vacuum drying, especially for high-
burnup fuel, because of the likelihood of cladding radial hydride formation and embrittlement
[Daum et al. 2006, 2008, and Billone et al. 2012]. This likelihood will diminish only after the cladding
temperature has dropped below 2000C, owing to the decrease of fission-product decay heat during
prolonged cooling, which may occur 20 to 25 years after the high-burnup used fuel assemblies are
placed under dry storage. Preventing and/or minimizing cladding embrittlement by radial hydrides
during drying, transfer and early stage of storage, therefore, will maintain the configuration of the
used fuel in the dry canister (or cask), ensure retrievability of the used fuel and its transportability
after extended long-term storage.

Managing aging effects on dry cask storage systems for “extended” long-term storage of used fuel is
no different from that required for long-term storage of used fuel. If aging effects on the SSCs
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important to safety in the DCSS/ISFSI are not adequately managed for the initial license term of
storage, an application for a renewal of license for extended long-term storage is unlikely to be
granted by the regulatory authority. The same principle and guidance developed by NRC in the
Standard Review Plan (SRP) for renewal of used fuel dry cask storage system licenses and
Certificates of Compliance (CoC), NUREG-1927, therefore, should be applicable to extended long-
term storage, as the period of operation, or term, reaches 20, 40, 60, 80, or >120 years. The term in
the initial or renewal license is important and indicates a finite period of operation, and, although
not mentioned specifically in the current regulations, does not rule out license renewal of multiple
terms, as long as aging effects are adequately managed.

Managing aging effects on dry cask storage systems for extended long-term storage and
transportation of used fuel requires knowledge and understanding of the various aging degradation
mechanisms for materials of the SSCs and their environmental exposure conditions for the intended
period of operation. The operating experience involving the AMPs, including the past corrective
actions resulting in program enhancements or additional programs, should provide objective
evidence to support a determination that the effects of aging will be adequately managed so that
the intended functions of the SSCs will be maintained during the period of extended operation.
Compared to nuclear power plants, the operating experience of the DCSSs and ISFSIs is not as
extensive; however, evaluations have been performed of the NRC’'s Requests for Additional
Information (RAIs) on applications for renewal of licenses for ISFSIs and DCSSs, as well as the
applicant’s responses to the RAls, to assess their relevance to the AMPs and TLAAs described in
Chapter IV and Chapter lll of this report. Those found relevant have been incorporated into the
AMPs and TLAAs.

Managing aging effects on dry cask storage systems for extended long-term storage and
transportation of used fuel depends on AMPs to prevent, mitigate, and detect aging effects on the
SSCs early — by condition and/or performance monitoring. Detection of aging effects should occur
before there is a loss of any structure’s or component’s intended function, and includes aspects such
as method or technique (i.e., visual, volumetric, surface inspection), frequency, sample size, data
collection and timing of new/one-time inspection to ensure timely detection of aging effects. The
challenges in the detection of aging effects will always be the inaccessible areas for inspection and
monitoring and the frequency of inspection and monitoring (i.e., periodic versus continuous).
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[I.  DEFINITIONS AND TERMS FOR STRUCTURES, COMPONENTS,
MATERIALS, ENVIRONMENTS, AGING EFFECTS, AND AGING
MECHANISMS

The following tables define the terms used in Chapter V of this report, Application of Aging
Management Programs.

II.L1  Structures and Components

This report does not address scoping of structures and components (see Table 1l.1) for extending the
duration or term of storage, i.e., license renewal. Scoping is storage-facility specific, and the results
depend on the facility design and current licensing basis. The inclusion of a certain structure or
component in this report does not mean that this particular structure or component is within the
scope of extending storage terms for all facilities. Conversely, the omission of a certain structure or
component from this report does not mean that this particular structure or component is not within
the scope of extending storage terms for any facilities.

Table I1.1 Selected Definitions and Use of Terms for Describing and Standardizing Structures and
Components.

Term Definition as used in this document

Anchor studs Devices used to attach the DCSS to the ISFSI pad at a site where the postulated
seismic event, defined by the three orthogonal zero-period accelerations, exceeds
the maximum limit permitted for free-standing installation. The anchor studs are
preloaded to a precise axial stress, which is kept below the material yield stress,
such that during the seismic event the maximum axial stress remains below the
limit prescribed for bolts in the ASME Code, Section Ill, Subsection NF (for Level D
conditions). The preload produces a compressive load, F, at the DCSS/pad
interface. This compressive force would generate friction force (uF) at the
interface resisting the horizontal (sliding) force exerted on the cask under the
postulated design basis earthquake seismic event.

A version of HI-STORM, called HI-STORM 100A, is equipped with sector lugs to
anchor it to the ISFSI pad. The design of the ISFSI pad and embedment is site-
specific and it is the responsibility of the CoC holder and ISFSI licensee. For HI-
STORM 100A, the anchor preload is less than 75% of the material yield stress; the
coefficient of friction, y, is less than or equal to 0.53; and the maximum friction
force, uF, is many times greater than the sliding force exerted on the cask under
the postulated seismic event. (Holtec International 2010)

Bolting Structural bolting, closure bolting, ISFSI pad anchors and all other bolting. Within
the scope of license renewal, ISFSI structures contain bolted closures that are
necessary for joining the confinement/ containment boundaries or where a
mechanical seal is required.

Canister A metal cylinder that is sealed at both ends and is used to perform the function of
confinement, while a separate overpack performs the functions of shielding and
protecting the canister from the effects of impact loading. (NUREG-1571, 1995)

Cask A stand-alone device that performs the functions of confinement, radiological
shielding, and physical protection of used fuel during normal, off-normal, and
accident conditions. (NUREG-1571, 1995)
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Table 1.1 (Cont.)

Term

Confinement

Confinement boundary

Confinement systems

Controlled area

Dry cask storage system (DCSS)

Fuel basket

Independent Spent Fuel Storage
Installation (ISFSI)

Multi-Purpose Canister (MPC)

Overpack

Pad

Radiation shielding

Spent nuclear fuel or spent fuel;

Used nuclear fuel or used fuel

(the terms “spent fuel” and “used
fuel” are interchangeable)

Definition as used in this document

The ability to prevent the release of radioactive substances into the environment.
(NUREG-1571, 1995)

The outline formed by the sealed, cylindrical enclosure of the Multi-Purpose
Canister (MPC) shell welded to a solid baseplate, a lid welded around the top
circumference of the shell wall, the port cover plates welded to the lid, and the
closure ring welded to the lid and MPC shell providing the redundant sealing.

Those systems, including ventilation, that act as barriers between areas containing
radioactive substances and the environment. (10 CFR 72.3)

The area immediately surrounding an ISFSI over which the licensee exercises
authority and within which it performs ISFSI operations. (10 CFR 72.3)

Any system that uses a cask or canister as a component in which to store used
nuclear fuel without using water to remove decay heat. A DCSS provides
confinement, radiological shielding, physical protection, and inherently passive
cooling of its used nuclear fuel during normal, off-normal, and accident conditions.
(NUREG-1571, 1995)

A honeycombed structural weldment with square openings, which can accept a fuel
assembly of the type for which it is designed.

A complex designed and constructed for the interim storage of used nuclear fuel,
solid reactor-related greater-than-Class-C (GTCC) waste, and other radioactive
materials associated with used fuel and reactor-related GTCC waste storage.

(10 CFR 72.3)

The canister that provides the confinement boundary for the used fuel. The MPC is
a welded, all-stainless-steel cylindrical structure with a fixed outer diameter,
consisting of baseplate, shell, lid, port covers, and closure ring.

A device or structure into which a canister is placed. The overpack provides physical
and radiological protection for canisters while allowing passive cooling by natural
convection.

A reinforced concrete basemat on an engineered fill, serving as a foundation for
supporting casks. A pad is typically partially embedded and is designed and
constructed as foundation under applicable codes such as ACI 318 or ACI 349.

Barriers to radiation that are designed to meet the requirements of 10 CFR
72.104(a), 10 CFR 72.106(b), and 10 CFR 72.128(a)(2).

Fuel that has been withdrawn from a nuclear reactor after irradiation, has
undergone at least a 1-year decay process since being used as a source of energy in
a power reactor, and has not been chemically separated into its constituent
elements by reprocessing. Spent or used fuel includes the special nuclear material,
byproduct material, source material, and other radioactive materials associated
with fuel assemblies. (10 CFR 73.3)
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Table 1.1 (Cont.)

Term Definition as used in this document

Structures, systems, and Those features of the ISFSI and used-fuel storage cask with one of the following
components (SSCs) important to functions:
safety

(1) to maintain the conditions required to safely store used fuel, high-level
radioactive waste, or reactor-related GTCC waste;

(2) to prevent damage to the used fuel, high-level radioactive waste, or reactor-
related GTCC waste container during handling and storage; or

(3) to provide reasonable assurance that used fuel, high-level radioactive waste, or
reactor-related GTCC waste can be received, handled, packaged, stored, and
retrieved without undue risk to the health and safety of the public.

(10 CFR 72.3)
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1.2 Materials

Table 11.2 defines generalized materials that are listed in Chapter V of this report, Application of
Aging Management Programs.

Table 11.2 Selected Definitions and Use of Terms for Describing and Standardizing Materials.
Term l Definition as used in this document
BISCO NS-3 A neutron shielding material encased in the access door in the early design of the NUHOMS®

system. In the later design of the NUHOMS® system, concrete is used as shielding material
in the access door.

BORAL A hot rolled composite plate material consisting of a core of mixed aluminum and boron
carbide particles with an 1100 series aluminum cladding on both external surfaces. BORAL
absorbs neutrons and is often used as a control rod to help control the neutron flux. The
boron carbide contained in BORAL is a fine granulated powder that conforms to ASTM C-
750-80 nuclear grade Type lll. [Holtec International 2010]

Concrete Normal concrete (or plain concrete) is a composite construction material composed of
Portland cement or any other hydraulic cement, fine aggregate such as sand, coarse
aggregate made of gravel or crushed rocks such as limestone or granite, and with or without
chemical admixtures. Reactions between the hydroxyl ions in the Portland cement pore
solution and reactive forms of silica in the aggregates (e.g., chert, quartzite, opal, strained
quartz crystals), known as “alkali-silica reaction” (ASR), can cause serious expansion and
cracking in concrete, resulting in major structural problems and sometimes necessitating
demolition. Newly constructed and future ISFSI concrete facilities have increased potential
for ASR to occur, because current-generation Portland cements have increased alkali
contents that may result in reactivity of aggregates that were not reactive in the past, and
the availability of good-quality aggregate materials is becoming limited in many areas of the
u.s.

Heavyweight concrete (also known as high-density concrete or shielding concrete), the
concrete used for radiation shielding, is made by adding heavy natural aggregates such as
barites or magnetite. Typically, the density with barites will be about 45% greater than that
of normal concrete, while with magnetite the density will be about 60% greater than normal
concrete.

Reinforced concrete is concrete to which reinforcements (commonly rebars) are added to
strengthen the concrete in tension. Concrete is strong in compression but weak in tension.

Elastomers Flexible materials such as rubber, EPT, EPDM, PTFE, ETFE, viton, vitril, neoprene, and silicone
elastomer. Hardening and loss of strength of elastomers can be induced by elevated
temperature (above ~ 95°F or 35°C) and additional aging factors (e.g., exposure to ozone,
oxidation, or radiation.). [Gillen and Clough 1981]

Galvanized steel Steel coated with zinc, usually by immersion or electrode deposition. The zinc coating
protects the underlying steel because the corrosion rate of the zinc coating in dry, clean air is
very low. In the presence of moisture, galvanized steel is classified under the category
“Steel.”
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Table 11.2 (Cont.)

Definition as used in this document

Holtite™ The trade name for all present and future neutron-shielding materials formulated under
Holtec International’s R&D program dedicated to developing shielding materials for
application in dry storage and transport systems. The Holtite development program is an
ongoing experimentation effort to identify neutron-shielding materials with enhanced
shielding and temperature tolerance characteristics.

Holtite-A™ is the first and only shielding material qualified under the Holtite R&D Program.
[Holtec International 2010]

METAMIC The trade name for an aluminum/boron carbide composite neutron-absorber material
qualified for use in the MPCs for the HI-STORM 100 ISFSls. [Holtec International 2010]

Stainless steel Products grouped under the term “stainless steel” include wrought or forged austenitic,
ferritic, or martensitic, precipitation-hardened steel. These materials are susceptible to a
variety of aging effects and mechanisms, including loss of material due to pitting and crevice
corrosion and cracking due to stress corrosion.

Examples of stainless steel designations that comprise this category include SA479-Gr. XM-
19, SA564-Gr. 630, SA638-Gr. 660, and Types 304, 304LN, 308, 308L, 309, 309L, 316, and LN.
[Holtec International 2010]

Steel In some environments, carbon steel and high-strength low-alloy steel are vulnerable to
general pitting and crevice corrosion, even though the rates of aging may vary. Consequently,
these metal types are generally grouped under the broad term “steel.” Note that this
category does not include stainless steel, which has its own category. However, high-strength
low-alloy steel with yield strength varying from 105 to 150 kilopounds per square inch is
susceptible to SCC. Therefore, when these aging effects are being considered, these materials
are specifically identified. Examples of designations for steels for bolts and studs include
SA193-Gr. B7; SA194 2H; SA354-Gr. BC; SA540-Grs. B21, B23, and B24; and SA574-Grs. 4142
and 51B37M.

Examples of designations for steels for other components include SA515-Gr. 70 and SA516-
Gr. 70.
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1.3 Environments

Table 1.3 defines the standardized environments that are listed in Chapter V of this report,
Application of Aging Management Programs.

Table 11.3 Selected Definitions and Use of Terms for Describing and Standardizing Environments.
Term l Definition as used in this document
Adverse environment An environment that is hostile to the component material, thereby leading to

potential aging effects. The HI-STORM 100 overpack carbon steel shell can be
subjected to an adverse localized marine environment. An adverse environment can
be due to any of the following: high relative humidity, high temperature, salty air, or

radiation.
Aggressive Environment This environment affects steel embedded in concrete with a pH <5.5 or a chloride
(steel in concrete) concentration >500 ppm or sulfate concentration >1500 ppm. [NUREG-1557, 1996]
Confinement environment Normally, this environment includes inert (He) and non-aqueous (dry) atmospheres.

During the initial storage period, the confinement environment may include some
residual moisture, which is consumed gradually with time.

Air — outdoor The outdoor environment consists of moist, possibly salt-laden atmospheric air,
ambient temperatures and humidity, and exposure to weather, including
precipitation and wind. The component is exposed to air and local weather
conditions, including salt-water spray (if present). In marine environments, salt-laden
air passing through air ducts may deposit salt on the stainless steel confinement
components. Because these components are protected by overpack structure,
precipitation does not wash away the deposited salt and the salt accumulates. The
accumulated salt may cause SCC if high residual stress, relative humidity and
temperature are present.

Air, moist Air with enough moisture to facilitate the loss of material in steel caused by general,
pitting and crevice corrosion. Moist air in the absence of condensation also is
potentially aggressive (e.g., under conditions where hygroscopic surface
contaminants are present).

Marine environment An environment consisting of airborne salts (mainly sodium chloride [99.6%] and a
small amount of magnesium chloride) in a humid environment. Its pH number and
relative humidity may quantify the aggressiveness of the environment. The
concentration of chlorides in the environment is dependent on the distance from a
large body of salt water, altitude above sea level, and prevailing winds. The effect of
sheltering on metal corrosion and SCC resistance also plays an important role.
Chlorides that accumulate on an exposed surface can be washed away by
precipitation. It has been demonstrated that, for some materials, sheltered
exposures facilitate higher corrosion rates than unsheltered exposures in marine
environments. With chloride deposits of 20 to 100 mg/m2 on the surface of Type 304
stainless steel, cracking has been observed at temperatures as low as 86°F.
Magnesium chloride (compared to sodium chloride) plays a major role in causing SCC
because its deliquescence point is lower (it forms a chloride solution at lower relative
humidity). [Gustafsson and Franzén 1996; Meira et al. 2006; Caseres and Mintz 2010]
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1.4 Aging Effects

Table 1.4 defines the standardized aging effects due to associated aging mechanisms that are listed

in Chapter V of this report, Application of Aging Management Programs.

Table 1.4

Term

Concrete cracking and spalling

Cracking

Cracking, loss of bond, and loss of
material (spalling, scaling)

Cracks; distortion; increase in
component stress level

Cumulative fatigue damage

Expansion and cracking

Increase in porosity and
permeability, cracking, loss of
material (spalling, scaling), loss of
strength

Loss of confinement

Loss of material

Loss of material, loss of form

Loss of preload

Reduction in concrete anchor
capacity due to local concrete
degradation

Reduction in foundation strength,
cracking, differential settlement

Reduction of heat transfer

Reduction of neutron-absorbing
capacity (or shielding capacity)

|

Selected Use of Terms for Describing and Standardizing Aging Effects

Usage in this document

Cracking and exfoliation of concrete as the result of freeze-thaw, aggressive
chemical attack, and reaction with aggregates.

Synonymous with the phrase “crack initiation and growth” in metallic substrates.
Cracking in concrete is caused by restraint shrinkage, creep, settlement, and
aggressive environments.

Phenomena caused by corrosion of steel embedded in concrete.

Phenomena in concrete structures caused by settlement. Although settlement can
occur in a soil environment, the symptoms can also be manifested in either an air-
indoor uncontrolled or air-outdoor environment.

Damage due to fatigue, as defined by ASME Boiler and Pressure Vessel Code,
Section Ill, Division 1, Subsection NB. [ASME 2004]

Phenomena within concrete structures caused by reaction with aggregates.

Phenomena within concrete structures caused by aggressive chemical attack. In
concrete, the loss of material (spalling, scaling) and cracking can also result from
freeze-thaw processes, and loss of strength can result from leaching of calcium
hydroxide from the concrete.

Behavior of concrete caused by pitting, crevice corrosion, or SCC of an austenitic
stainless steel confinement boundary.

A phenomenon due to general corrosion, pitting corrosion, galvanic corrosion,
crevice corrosion, erosion, and aggressive chemical attack. In concrete structures,
loss of material can also be caused by abrasion or cavitation or corrosion of
embedded steel.

In earthen water-control structures, phenomena resulting from erosion,
settlement, sedimentation, frost action, waves, currents, surface runoff, and
seepage.

A phenomenon due to stress relaxation and self-loosening (which includes
vibration, joint flexing, and thermal cycles). [EPRI NP-5067 1987/1990; EPRI TR-
104213 1995]

A phenomenon resulting from service-induced cracking or other concrete aging
mechanisms.

Phenomena that can result from erosion of a porous concrete subfoundation.

A phenomenon that can result from the blockage of air duct screens by blowing
debris, animals, etc.

Capacity reduction phenomenon that can result from degradation of neutron-
absorbing materials such as BISCO NS-3.
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Table 1.4 (Cont.)

Term Usage in this document

Reduction of strength and In concrete, a phenomenon that can be attributed to elevated temperatures

modulus (>150°F general; >200°F local).

Wall thinning A specific type of loss of material attributed in the AMR line items to general
corrosion.

Used Fuel Disposition Campaign



Managing Aging Effects on Dry Cask Storage Systems for
Extended Long-Term Storage and Transportation of Used Fuel

June 30, 2012

11.5-1

1.5 Significant Aging Mechanisms

An aging mechanism is considered significant when it may result in aging effects that produce a loss
of integrity and/or functionality of a component or structure during the current or extended license
period, if allowed to continue without mitigation. Table I.5 defines the standardized aging
mechanisms that are listed in Chapter V of this report, Application of Aging Management Programs.

Table 1.5 Selected Definitions and Use of Terms for Describing and Standardizing Aging

Mechanisms.

Term l

Abrasion

Aggressive chemical attack

Corrosion

Corrosion of carbon steel storage
overpack components

Corrosion of embedded steel

Definition as used in this document

As water migrates over a concrete surface, it may transport material that can
abrade the concrete. The passage of water also may create a negative pressure
at the water/air-to-concrete interface that can result in abrasion and cavitation
degradation of the concrete. This damage may result in pitting or aggregate
exposure due to loss of cement paste. [NUMARC 1991a]

Concrete, being highly alkaline (pH >12.5), is degraded by strong acids.
Chlorides and sulfates of potassium, sodium, and magnesium may attack
concrete, depending on their concentrations in soil/ground-water that comes
into contact with the concrete. Exposed surfaces of Class 1 structures may be
subject to sulfur-based acid-rain degradation. The minimum thresholds causing
concrete degradation are 500 ppm chlorides and 1500 ppm sulfates. [NUMARC
1991a]

Chemical or electrochemical reaction between a material, usually a metal, and
the environment or between two dissimilar metals that produces a
deterioration of the material and its properties.

Corrosion can occur on carbon steel components including overpack shell, lid
studs and nuts, baseplate, sector lugs, covers for concrete shielding blocks, etc.

If the pH of concrete in which steel is embedded is reduced below 11.5 by
intrusion of aggressive ions (e.g., chlorides at >500 ppm) in the presence of
oxygen, the embedded steel may corrode. The leaching of alkaline products
through cracks, entry of acidic materials, or carbonation may also cause a
reduction in pH. Chlorides may be present in the constituents of the original
concrete mix. The properties and types of cement, aggregates, and moisture
content affect the severity of the corrosion. [NUMARC 1991b]

Freeze-thaw, frost action

Repeated freezing and thawing can cause severe degradation of concrete,
characterized by scaling, cracking, and spalling. The cause is water freezing
within the pores of the concrete, creating hydraulic pressure. If unrelieved, this
pressure will lead to freeze-thaw degradation.

If the temperature cannot be controlled, other factors that enhance the
resistance of concrete to freeze-thaw degradation are (a) adequate air content
(i.e., within ranges specified in ACI 301-84), (b) low permeability, (c) protection
until adequate strength has developed, and (d) surface coatings applied to
frequently wet-dry surfaces. [INUMARC 1991b]
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Table 1.5 (Cont.)

Term Definition as used in this document

General corrosion General corrosion, also known as uniform corrosion, proceeds at
approximately the same rate over all parts of a metal surface. Loss of material
due to general corrosion is an aging effect requiring management for low-alloy
steel, carbon steel, and cast iron in outdoor environments.

Some potential for pitting and crevice corrosion may exist even when pitting
and crevice corrosion is not explicitly listed in the aging effects/aging
mechanism column in NUREG-1801, Rev. 2, AMR line-items and when the
descriptor may only be loss of material due to general corrosion. This is so
because the visual inspection required for detecting the effects of general
corrosion acts as a de facto screening for pitting and crevice corrosion, since
the symptoms of general corrosion will be noticed first.

Settlement Settlement of a containment structure may be due to changes in the site
conditions (e.g., water table). The amount of settlement depends on the
foundation material. [Gavrilas et al. 2000]

Stress corrosion cracking (SCC) The cracking of a metal produced by the combined action of corrosion and
tensile stress (applied or residual), especially at elevated temperature. SCC is
highly chemically specific in that certain alloys are likely to undergo SCC only
when exposed to certain types of chemical environments. SCC includes
intergranular SCC, transgranular SCC, and low-temperature crack propagation
as aging mechanisms.

Thermal effects, gasket creep, and Loss of preload due to gasket creep, thermal effects (including differential

self-loosening expansion and creep or stress relaxation), and self-loosening (which may be
due to vibration, joint flexing, cyclic shear loads, or thermal cycles). [Bickford
1995]

Thermal fatigue The progressive and localized structural damage that occurs when a material is

subjected to cyclic loading. The maximum stress values are less than the
ultimate tensile stress limit, and may be below the yield stress limit of the
material. Higher temperatures generally decrease fatigue strength. Thermal
fatigue can result from variations in ambient temperature, increase in
temperature due to reduction in heat transfer capability, and differential
thermal expansion of the adjacent components.

Weathering The mechanical or chemical degradation of external surfaces of materials when
exposed to an outside environment.

Wind-induced abrasion Abrasion that occurs when the fluid carrier of abrading particles is wind rather
than water/liquids. (See “abrasion.”)
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. TIME-LIMITED AGING ANALYSES

1.1 Identification of Time-Limited Aging Analyses

Section 3.5, “Time-Limited Aging Analysis Evaluation,” in NUREG-1927, “Standard Review Plan for
Renewal of Spent Fuel Dry Cask Storage System Licenses and Certificates of Compliance,” defines a
TLAA as a process to assess SSCs that have a time-dependent operating life. Thus, TLAAs are certain
site-specific safety analyses of SSCs that have a time-dependent operating life, as defined in the
design basis, and are based on an explicitly assumed design life (for example, aspects of the used-
fuel canister design or time-dependent degradation of the neutron-absorber material). Time
dependency may relate to fatigue life (number of cycles to predicted failure) or time-limited design
life (humber of operating hours until replacement), or time-dependent degradation of mechanical
properties of the material (aging effects). Furthermore, TLAAs may have developed since the
issuance of ISFSI licenses or DCSS CoCs. Managing aging effects for license renewal, therefore, would
require an evaluation of those TLAAs that (i) include time-limited assumptions, (ii) were utilized in
determining the acceptability of SSCs within the scope of license renewal, and (iii) are based upon
the existing license term plus the period of extended operation requested in the renewal
application. Examples of possible TLAAs are (1) fluence level that causes embrittlement of metallic
components, (2) time-dependent degradation of neutron-absorber material or radiation shielding
material, and (3) thermal fatigue of canister shells or concrete structures.

Analogous to the requirements of 10 CFR 54.21(c) for the renewal of operating licenses for nuclear
power plants, NUREG-1927 states that the applicant for an ISFSI license renewal or DCSS CoC is
required to evaluate TLAAs. Section 3.5.1 of NUREG-1927 provides a brief guidance on the
identification of TLAAs.

[11.1.1 Description of the Time-Limited Aging Analyses

Pursuant to 10 CFR 72.24, a license renewal application to store used fuel in an ISFSI must include
the design criteria for the proposed storage installation, which establish the design, fabrication,
construction, testing, maintenance and performance requirements of SSCs important to safety as
defined in 10 CFR 72.3. In addition, “Subpart F, General Design Criteria” of 10 CFR 72 includes the
following Subsections that may be important in the identification of TLAAs:

10 CFR 72.120(d) General consideration: The behavior of materials (used in construction of ISFSIs)
under irradiation and thermal conditions must be taken into account.

10 CFR 72.122(b) Protection against environmental conditions and natural phenomena: SSCs
important to safety must be designed to withstand the effects of natural phenomena such as
earthquakes, tornados, lightning, hurricanes, floods, tsunamis, and seiches, without impairing their
capability to perform safety functions.

10 CFR 72.122(f) Testing and maintenance of systems and components: Systems and components
that are important to safety must be designed to permit inspection, maintenance, and testing.

10 CFR 72.122(h) Confinement barriers and systems: The monitoring period must be based upon the
used-fuel storage cask design requirements.
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10 CFR 72.124(b) Method of criticality control: When practicable, the design of an ISFSI must be
based on favorable geometry, permanently fixed neutron-absorbing materials (poisons), or both.
Where solid neutron-absorbing materials are used, the design must provide for positive means of
verifying their continued efficacy. For dry used-fuel storage systems, the continued efficacy may be
confirmed by a demonstration or analysis before use, showing that significant degradation of the
neutron-absorbing materials cannot occur over the life of the facility.

10 CFR 72.128(a) Criteria for used fuel and high-level radioactive waste storage and handling system:
Used-fuel storage must be designed to ensure adequate safety under normal and accident
conditions. These systems must be designed with (1) a capability to test and monitor components
important to safety, (2) suitable shielding for radioactive protection under normal and accident
conditions, (3) confinement structures and systems, (4) a heat-removal capability having testability
and reliability consistent with its importance to safety, and (5) means to minimize the quantity of
radioactive wastes generated.

Managing aging effects for license renewal must demonstrate that the existing licensing basis
remains valid and the intended functions of the SSCs important to safety are maintained during the
period of extended operation. Therefore, the design basis documents should be reviewed to identify
TLAAs, including time-dependent degradation of mechanical properties of materials due to aging
effects. The impact of such degradation on the design basis or on the design margins should also be
evaluated. The applicant should ensure that the license renewal application does not omit any
TLAAs. The license renewal application should also include a list of site-specific exemptions granted
in accordance with 10 CFR 72.7 that are based on TLAAs.

[11.1.1.1 Acceptance Criteria

By definition, TLAAs are aging analyses of safety-significant SSCs within the scope of the license
renewal. The acceptance criteria for the TLAAs delineate acceptable methods for meeting the
requirements in 10 CFR 72. For existing or newly identified SSCs with a time-dependent operating
life, the identification of TLAAs should verify that the TLAAs meet the following five criteria listed in
Section 3.5.1 of NUREG-1927:

(1) The TLAA should involve time-limited assumptions defined by the current operating
term (e.g., 20 years). The defined operating term should be explicit in the analyses.
Simply asserting that the SSC is designed for a service life or ISFSI life is not sufficient.
Calculations, analyses, or testing that explicitly includes a time limit should support the
assertions.

(2) The TLAA should already be contained or incorporated by reference in the design
documents. Such documentation includes the (1) SAR, (2) safety evaluation report (SER),
(3) technical specifications, (4) correspondence to and from NRC, (5) QA plan, and (6)
topical reports included as references in the SAR.

(3) The TLAA must address SSCs that are within the scope of license renewal and have a
predetermined lifespan.

(4) The TLAA must consider the extended operational lifetime of any SSC materials that
have a defined lifetime limit (e.g., thermal fatigue condition).
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(5) The TLAA should provide conclusions or a basis for conclusions regarding the capability
of the SSC to perform its intended function through the license period of extended
operation. The TLAA must show either one of the following:

(i) The analyses have been projected to the end of the period of extended operation.

(i) The effects of aging on the intended function(s) of the SSC will be adequately
managed for the period of extended operation. Component replacement is an
acceptable option for managing the TLAA.

l11.1.2 Dispositioning the Time-Limited Aging Analyses

The licensee should provide a justification and basis for addressing each SSC that has a
predetermined lifespan or is subject to time-dependent aging degradation and is determined to be
within the scope of renewal. For any analyses that are not identified as TLAAs, the applicant should
verify that they do not meet at least one of the five acceptance criteria described in Subsection
[11.1.2. Information regarding the methodology used for identifying TLAAs may be helpful in
evaluating analyses that did not meet the five criteria discussed below.

(1) Have a time-limited assumption defined by the current operating term (e.g., 20 years).
The defined operating term should be explicit in the analyses. The assertion that the SSC
is designed for a specific service life should be supported by a calculation, analysis, or
testing that explicitly includes a time limit. The TLAA must consider the extended
operational lifetime of any SSC materials that have a defined lifetime limit (e.g., thermal
fatigue condition).

(2) Are contained or incorporated by reference in the design documents. The design
documents include the technical specifications in accordance with the requirements of
10 CFR 72.44 and a summary statement of the justification for these technical
specifications (as defined in 10 CFR 72.26), or the licensee commitments documented in
the site-specific documents contained or incorporated by reference in the design basis
analyses, including but not limited to the material license, Final Safety Analysis Report
(FSAR), docketed licensing correspondence, NRC SERs, hazard analyses, the QA plans,
vendor topical reports incorporated by references in the FSAR, and other NRC
communications.

(3) Address SSCs that are within the scope of license renewal and have a predetermined
lifespan. Chapter 2 of the NUREG-1927 for renewal of ISFSI licenses and DSCC CoCs
provides the regulatory requirements and guidance on the scoping and screening
methodology for the inclusion of SSCs in the renewal process.

(4) Consider the extended operational lifetime of any SSC materials that have a defined
lifetime limit. The analyses involve conclusions or provide the basis for conclusions
related to the license renewal process. The effects of aging degradation should be
incorporated in these analyses. These effects include but are not limited to loss of
material, change in dimension, change in material properties, loss of toughness, loss of
pre-stress, settlement, cracking, and loss of dielectric properties. Analyses that do not
affect the intended function of the SSCs are not considered TLAAs.

(5) Provide conclusions or a basis for conclusions regarding the capability of the SSC to
perform its intended function through the license period of extended operation. An
analysis is considered relevant if it can be shown to have a direct bearing on the action
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taken as a result of the analysis. Such analyses would have provided the basis for the
applicant’s initial safety determination, and without these analyses the applicant may
have reached a different safety conclusion.

[11.1.3  Final Safety Analysis Report Supplement

The specific criterion for meeting the guidance of NUREG-1927, Section 1.4.4, is that the renewal
applications for IFSFI licenses and DSCC CoCs should include a supplement to the updated FSAR that
provides a summary description of the evaluation of TLAAs for the period of extended operation
such that later changes can be controlled by 10 CFR 72.48. If the TLAAs have been dispositioned in
accordance with option (ii), the FSAR supplement should include an adequate description of the
proposed AMP to manage the aging effects of fatigue damage on the intended function of the SSCs
during the period of extended operation. It should also state that the results of this activity are
evaluated relative to the applicable codes, standards, and guidelines. The description should contain
sufficient information associated with the TLAAs regarding the basis for determining that the
applicant has followed the guidance of NUREG-1927, Sections 1.4.4 and 3.5.1.

The license renewal process requires the applicant to update its FSAR to include this FSAR
supplement at the next update required pursuant to 10 CFR 72.70. As part of the license condition,
until the FSAR update is complete, the applicant may make changes to the programs described in its
FSAR supplement without prior NRC approval, provided that the applicant evaluates each such
change pursuant to the criteria set forth in 10 CFR 72.48. If the applicant updates the FSAR to
include the final FSAR supplement before the license is renewed, no condition will be necessary. The
applicant need not incorporate the implementation schedule into its FSAR. However, the applicant
should identify and commit in the license renewal application to any future AMAs, including
enhancements and commitments to be completed before the period of extended operation. The
license renewal applicant should commit to complete these activities no later than this specified
date, i.e., prior to entering the period of extended operation.

TLAAs that need to be included in the renewal application are not limited to those that have been
previously reviewed and approved by the NRC. The following examples illustrate TLAAs that may
need to be addressed but which were not previously reviewed and approved by the NRC:

e The FSAR states that the design complies with a certain national code and standard.
A review of the code and standard reveals that it calls for an analysis or calculation.
Some of these calculations or analyses will be TLAAs. The applicant performed the
actual calculation to meet the code and standard, but the specific calculation was not
referenced in the FSAR and the NRC had not reviewed the calculation. Also, some of
these TLAAs may not have been relevant for the original licensing period but may be
significant for the period of extended operation.

e |nresponse to a NRC generic letter, a licensee submitted a letter to the NRC committing
to perform a TLAA that would address the concern in the generic letter. The NRC had
not documented a review of the applicant’s response and had not reviewed the actual
analysis.
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The following examples illustrate potential TLAAs that are not TLAAs and need not be addressed:

e Analyses with a time-limited assumption less than the current license period of the
ISFSI: For example, an analysis for a component based on a service life that would not
reach the end of the current license period.

e Analyses that do not involve aging effects. For example, wind speed of 100 mph is
expected to occur once every 50 years.

The number and type of TLAAs vary depending on the site-specific design basis for the ISFSI or DCSS.
All five criteria described in Subsection 111.1.2 must be satisfied to conclude that a calculation or
analysis is a TLAA. Table Ill.1 provides examples of how the five criteria may be applied. Table IIl.2
provides a list of generic TLAAs that may be included in a license application. Table 1ll.3 provides a
list of other potential site-specific TLAAs. It is not expected that all license renewal applications
would identify all TLAAs in these tables for their facilities. Also, an applicant may perform specific
TLAAs for its facility that are not shown in these tables.

Sections III.2 to IIl.6 describe typical TLAAs for managing aging effects in used-fuel dry storage
facilities. Section 111.7 describes other site-specific TLAAs.

Table Ill.1 Sample Process for Identifying Potential TLAAs and Basis for Disposition.

Example Disposition

Maximum wind speed of 100 mph is expected to occur  Not a TLAA because it does not involve an aging effect.
once per 50 years.

The applicant states that the spacer plate welded to This component was not credited in any safety evaluation,
the gamma shielding cross plate in the air inlet of the and therefore the analysis is not considered a TLAA. It does
HI-STORM storage system is certified by the vendorto  not meet criterion (4) of the TLAA definition in Subsection

last for 40 years. 1.1.2.

Fatigue analyses for the used-fuel canister shell, This is a TLAA because it meets all five criteria defined in
performed in accordance with the criteria in ASME Subsection 111.1.2. The applicant’s fatigue design basis relies
Section Ill, NB-3222.4, showed that no consideration on assumptions defined by the 50-year service life for this
of fatigue is required for the 50-year service life. component.

The integrated fluence is estimated for the 60-year This is a TLAA because it meets all five criteria defined in
service life of the shielding material in horizontal Subsection 111.1.2. The design basis for the use of the
storage module doors. shielding material is currently limited to 60 years, and needs

to be reanalyzed for the period of extended operation
beyond 60 years.

Table lll.2 Generic TLAAs

Fatigue of Metal and Concrete Structures and Components (Subsection [11.2)

Corrosion Analysis of Metal Components (Subsection 111.3)
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Table IIl.3 Examples of Potential Site-Specific TLAAs

Flaw growth analyses that demonstrate structure stability for extended service.
Strength reduction of concrete structures and components.

Time-dependent degradation of neutron absorbing materials (Subsection 111.4)
Time-dependent degradation of radiation shielding materials (Subsection 111.5)

Environmental Qualification of Electrical Equipment (Subsection I11.6)

[11.1.4 References

NUREG-1927, Standard Review Plan for Renewal of Spent Fuel Dry Cask Storage System Licenses and
Certificates of Compliance—Final Report, U.S. Nuclear Regulatory Commission, Washington, DC,

March 2011.
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[11.2 Fatigue of Metal and Concrete Structures and Components
l11.2.1  Description of the Time-Limited Aging Analysis

Metal and concrete structures and components in ISFSIs and DCSSs are subject to degradation and
failure due to fatigue under cyclic loading conditions, such as may occur under temperature and/or
pressure cycling or vibrational loading. Such failures can occur at stress amplitudes significantly
below the design static loads. Fatigue in metals typically occurs through a process of crack initiation
and subsequent growth through the thickness of the affected component. Plain concrete, when
subject to repeated loads, may exhibit excessive cracking and may eventually fail after a sufficient
number of cycles at load levels less than the static strength of the material. The fatigue analysis of
ISFSI and DCSS casks and canisters is covered in ASME Boiler and Pressure Vessel Code Section I,
Division 1, Subsection NB; guidance on the design of concrete structures and components is given in
the AClI Committee Report ACI 215R-74; and the fatigue of other steel support structures is covered
under the AISC Standards ANSI/AISC N690-06 and ANSI/AISC N360-10, Appendix 3. The ASME is
currently preparing a Section lll, Division 3 Code for dry cask transportation and storage systems
that includes Subsections WA-general, WB-transportation casks, WC-storage casks, and WD-cask
internals.

The ASME Code Section lll, Division 1, Subsection NB-3200 requires a fatigue analysis for all Class 1
components unless exempted by the Code under applicable Section Il provisions. This analysis
considers all cyclic loads on the basis of the anticipated number of loading cycles, and includes
calculation of the parameter “cumulative usage factor” (CUF), which is used for estimating the
extent of fatigue damage in the component. The ASME Code limits the CUF to a value of less than or
equal to one for acceptable fatigue design. A CUF below a value of one provides reasonable
assurance that no crack has been formed. A CUF greater than one allows for the possibility that a
crack may form, and that if left unmitigated, the crack could propagate under fatigue loading and
eventually result in component leakage or structural failure. In cases where fatigue of metallic
components has been evaluated on the basis of an assumed number of load cycles, the validity of
this analysis must be reviewed for the period of extended operation.

The fatigue strength of concrete is defined as a fraction of the static strength that it can support
repeatedly for a given number of cycles. The fatigue stress vs. cycles (S-N) curves for concrete
represent average behavior (i.e., 50% probability of failure), and are approximately linear between
10% and 10 cycles. However, the design curve may be based on a lower probability of failure. These
curves indicate that concrete does not exhibit an endurance limit up to 10 million cycles. For a life of
10 million cycles of compressive, tensile, or flexure loading, the fatigue strength of concrete is about
55% of its static strength. The AClI Committee Report ACI 215R-74 provides background information
and general guidance on the design of concrete structures and components for fatigue. The
information is presented in the form of diagrams and algebraic relationships that can be used for
design. Typically, for a zero minimum stress level (i.e., a load ratio R = 0), the maximum stress level
the concrete can support for one million cycles without failure is taken conservatively as 50% of the
static load. The maximum allowable stress increases with increasing load ratio. The effects of
different values of maximum stress are estimated from constant-stress fatigue tests using Miner’s
Rule (i.e., 3(n/N;) = 1, where n, is the number of applied stress cycles and N, is the number of cycles
that will cause failure at that same stress). Also, the effects of loading rate and hold periods have
little effect on fatigue strength.
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The AISC Standard ANSI/AISC N690-06 addresses the design, fabrication, and erection of safety-
related steel structures for nuclear facilities. This standard is an extension of ANSI/AISC N360-10,
which addresses the same topics for structural steel buildings in general. In particular, the guidance
for fatigue design in ANSI/AISC N690-06 refers directly to Appendix 3, “Design for Fatigue,” of
ANSI/AISC N360-10. This appendix specifically applies to structural steel members and connections
subject to high-cycle fatigue stresses within the elastic range but of sufficient magnitude to initiate
potential cracking and progressive fatigue failure. Guidance is provided on calculating the maximum
allowable stress range under cyclic loading conditions for steel structural elements away from and
adjacent to welds, mechanically fastened joints, and welded joints of various geometries.
Fabrication guidelines for reducing the susceptibility of fabricated steel structures to fatigue are
given in the accompanying Commentary on the Specification for Structural Steel Buildings,
Appendix 3 of N360-10.

To ensure that fatigue or flaw growth/tolerance evaluations are valid for the period of extended
long-term storage, the fatigue analyses should include the following:

1. CUF calculations for ASME Code Class 1 components designed to ASME Section IlI
requirements or to other codes that are based on a CUF calculation.

2. Maximum stress range values and associated numbers of loading cycles, as well as
fabrication procedures and techniques employed to reduce susceptibility to fatigue
failure for concrete components designed in accordance with the general guidance
given in ACl 215R-74.

3. Maximum stress range values and associated numbers of loading cycles, as well as
fabrication procedures and techniques employed to reduce susceptibility to fatigue
failure for other steel support structures designed in conformance with Appendix 3 of
ANSI/AISC N360-10.

lll.2.2 Dispositioning the Time-Limited Aging Analysis

The acceptance criteria for the TLAAs associated with fatigue of metal and concrete structures and
components should delineate acceptable methods by following the NRC’s guidelines stated in
NUREG-1927, Section 3.5.1(5) and listed in Subsection I11.1.2.

[11.2.2.1 ASME Section Il Design

For components designed or analyzed to ASME Code Section Ill requirements for Class | components
or other codes that require a CUF calculation, the acceptance criteria depend upon the choice of the
criteria in NUREG-1927 Section 3.5.1(5)(i) or (ii). For option (i), the analyses are projected to the end
of the period of extended long-term storage. This is achieved by either (a) demonstrating that the
existing CUF calculations would remain valid for the period of extended long-term storage because
the actual number of accumulated cycles would not exceed the design basis cycles used in the
original analysis, or (b) projecting the CUF calculations to the end of the period of extended long-
term storage on the basis of projecting the cumulative number of design basis cycles through to the
expiration of the period of extended long-term storage, and ensuring the resultant CUF values do
not exceed the design limit of 1.0.

For option (ii), a site-specific AMP should be developed to ensure that the effects of cumulative
fatigue damage on intended safety functions of the SSCs will be adequately managed during the
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period of extended long-term storage. For example, monitoring and tracking the number of fatigue
cycles for the fatigue-sensitive locations and components is an acceptable AMP. Such a program has
been developed for the license renewal of nuclear power plants and is described in NUREG-1801,
Rev. 2, Section X.M1 (“Fatigue Monitoring”). If future inspections or examinations are to be used to
manage potential effects of cumulative fatigue damage evaluated in the TLAAs, then the adequacy
of the program must be demonstrated, particularly by identifying the fatigue-sensitive locations and
their accessibility for inspection, and demonstrating the adequacy of the inspection interval.
Furthermore, such proposed future actions may need to be included as conditions for license
renewal. Alternatively, as stated in NUREG-1927, Section 3.5, the component can be replaced and
the allowable stresses for the replacement will be as specified by the code during the period of
extended long-term storage.

[11.2.2.2 Design of Concrete Structures—ACI-215

For concrete structures and components designed in accordance with the guidance provided in ACI
215R-74, one may either choose option (i) and project the analyses to the end of the period of
extended long-term storage, or choose option (ii) and develop a site-specific AMP to ensure that the
effects of cumulative fatigue damage on the intended safety functions of the concrete structures
will be adequately managed during the period of extended long-term storage. Under option (i), one
needs to demonstrate that (a) the current fatigue TLAA remains valid because the severity (i.e.,
maximum stress) and the number of design cycles would not be exceeded during the extended
period of long-term storage, or (b) if either one of these is exceeded, the new set of maximum stress
values and the corresponding allowable number of cycles are reevaluated to ensure that the design
basis value remains acceptable during the period of extended long-term storage.

Under option (ii), one needs to (a) develop an AMP that monitors and tracks the severity and
number of load cycles to ensure that they remain below the design limit during the period of
extended long-term storage, or (b)if the AMP includes future inspections or examinations to
manage potential effects of fatigue damage, the adequacy of the program must be demonstrated.
For the latter option, one should identify the fatigue-sensitive locations and their accessibility for
inspection, and demonstrate the adequacy of the inspection interval.

[11.2.2.3 ANSI/AISC 690 and ANSI/AISC 360 Design

For other steel support structures designed to ANSI/AISC N690-06 and ANSI/AISC N360-10 Appendix
3 standards, since the analyses in these standards apply only to high-cycle fatigue loading stresses
within the elastic range, under option (i) one needs to demonstrate that the structures in question
(a) have not been and will not be subjected to loading in excess of the elastic limit during the period
of extended long-term storage, and (b) have not been subject to aging degradation processes, such
as loss of material due to corrosion and wear or SCC, that could degrade their structural integrity. If
either of these recommendations cannot be met, a site-specific AMP for managing this fatigue TLAA
should be developed.

[11.2.3  Final Safety Analysis Report Supplement

Information should be included in the FSAR supplement that provides a summary description of the
evaluation of the TLAA on fatigue of metal and concrete structures and components. Additional
information is given in Subsection I11.1.3.
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1.3 Corrosion Analysis of Metal Components

[11.3.1 Description of the Time-Limited Aging Analysis

Table .2 of this document lists corrosion analysis of metal components (or metal corrosion
allowance) as a generic TLAA. The SRP for the design of used-fuel dry storage facilities (NUREG-
1567) also refers to the provision of appropriate corrosion allowances for materials susceptible to
corrosion. Accordingly, the loss of material due to general corrosion is treated here as a time-
dependent aging effect requiring management for low-alloy steel, carbon steel, and cast iron
components in outdoor environments. Examples of such components include anchoring dowels
between concrete storage modules and concrete pads, anchors in concrete walls to support
canisters inside storage modules, steel liners, and carbon steel heat-shielding plates. For such
components and structures that are subject to loss of material due to general corrosion in outdoor
or uncontrolled indoor environments, the applicant for a license renewal must ensure that these
corrosion analyses are valid for the period of extended operation.

[11.3.2 Dispositioning the Time-Limited Aging Analysis

The acceptance criteria for the TLAAs associated with corrosion analysis of metal components
should delineate acceptable methods by following the NRC’s guidelines stated in NUREG-1927,
Section 3.5.1(5) and listed in Subsection I11.1.2.

[11.3.2.1 Corrosion Allowances

NUREG-1567 states in Section 5.4.1.3 that, in the design criteria for confinement structures in used-
fuel dry storage facilities, “appropriate corrosion allowances should be established and used in the
structural analyses.” In addition, Section 5.5.1.3 of NUREG-1567 states that for confinement SSCs,
the applicant should evaluate the potential for corrosion to ensure that adequate corrosion
allowances for materials susceptible to corrosion have been provided in these analyses. These same
considerations carry over to the evaluation of applications for license extension for such facilities. In
order to satisfy Section 3.5.1(5) criterion (i) of NUREG-1927, the applicant must demonstrate that
the corrosion allowance for the SSC being evaluated is sufficient to accommodate the anticipated
loss of material due to general corrosion projected through the end of the period of extended
operation.

[11.3.2.2 Corrosion Effects Management

The management of corrosion effects, as described in Section 3.5.1(5) criterion (ii) of NUREG-1927,
may be used for managing this TLAA for SSCs where insufficient corrosion allowance is available to
satisfy criterion (i). The most direct approach to such corrosion management is replacement of the
SSC in question, but the applicant may propose alternative site-specific approaches such as
inspection or surveillance of corrosion management to satisfy criterion (ii). The applicant may
propose periodic surface and volumetric inspections of those SSCs subject to loss of material due to
corrosion during the period of extended operation using techniques and procedures similar to those
described in the Welded Canister Seal and Leakage Monitoring AMP IV.M3 in Chapter IV of this
report. Such inspections are subject to the general requirements of the ASME Boiler and Pressure
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Vessel Code, Section Xl, Subsections IWB-1100, IWC-1100, and IWD-1100 for Class 1, 2, and 3
components, respectively.

NUREG-1927 Appendix E Component-Specific Aging Management describes “Lead Canister” external
remote visual inspection and Horizontal Storage Module (HSM) canister support steel. A lead
canister is selected on the basis of longest time in service, or hottest thermal load, and/or other
parameters that contribute to degradation. A similar methodology is acceptable for casks that
perform a confinement function. The interior of the associated concrete overpack or HSM should
also be examined as part of the lead canister inspection. This inspection is performed before
submittal of the license renewal application and the inspection results become part of the
justification for license renewal. Typically, a repeat inspection is conducted at 20-year intervals as a
license condition for renewal. The licensee/certificate holder may propose alternative inspection
intervals for NRC approval.

NUREG-1927 Appendix E also states that the inspections are especially pertinent for ISFSIs located at
coastal marine sites where atmospheric corrosion is known to be more severe. Support structure
inspection may be done on a sampling basis. Selection of one or more support structures to be
inspected should be based on longest service time, material, and/or environmental conditions.
Normally, carbon steel is specified for this support structure. Some locations may have employed
protective coatings on the support structure. Other ISFSI locations may have employed 0.2% copper-
bearing steel. Differences in materials and environmental conditions at various sites could make
comparisons between different ISFSI sites invalid. The licensee should specify the re-inspection
interval for the support structure based upon the findings of the initial license renewal inspection.

Some components, such as anchoring dowels between concrete storage modules and concrete
pads, are inaccessible for inspection. In this situation, a site-specific AMP will be required if the TLAA
cannot demonstrate that failure is not expected.

111.3.3 Final Safety Analysis Report Supplement

Information should to be included in the FSAR supplement that provides a summary description of
the evaluation of the TLAA on corrosion analysis of metal components. Additional information is
given in Subsection I11.1.3.

[11.3.4 References

ASME Section XI, Rules for Inservice Inspection of Nuclear Power Plant Components, ASME Boiler
and Pressure Vessel Code, 2004 edition as approved in 10 CFR 50.55a, American Society of
Mechanical Engineers, New York, 2004.

NUREG-1567, Standard Review Plan for Spent Fuel Dry Storage Facilities, U.S. Nuclear Regulatory
Commission, Washington, DC, March 2000.

NUREG-1800, Standard Review Plan for Review of License Renewal Applications for Nuclear Power
Plants, Revision 2, U.S. Nuclear Regulatory Commission, Washington, DC, December 2010.

NUREG-1927, Standard Review Plan for Renewal of Spent Fuel Dry Cask Storage System Licenses and
Certificates of Compliance—Final Report, U.S. Nuclear Regulatory Commission, Washington, DC,
March 2011.
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1.4 Time-Dependent Degradation of Neutron-Absorbing Materials
l11.4.1 Description of the Time-Limited Aging Analysis

Dry cask storage systems commonly incorporate neutron-absorbing materials into their design to
provide neutron shielding and, during the short period of time when the cask is flooded with water
during fuel loading and unloading, to provide criticality control. Once the cask has been drained,
dried, and inerted, the absence of the moderating effect of the hydrogen atoms in the water
renders the fuel subcritical by a substantial margin. The specific neutron absorber most commonly
used in neutron-absorbing materials is boron in a chemically stable form such as B4C, 